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EXECUTIVE SUMMARY

1. The American economy is flexible and dynamic. New products are being introduced all
the time and existing ones improved, while others leave the market. The relative prices of
different goods and services change frequently, in response to changes in income and
technological and other factors affecting costs and quality. This makes constructing an accurate

cost of living index more difficult than in a static economy.

2. Estimating a cost of living index requires assumptions, methodology, data gathering and
index number construction. Biases can come from any of these areas. The strength of the CPI is
in the underlying simplicity of its concept: pricing afixed (but representative) market basket of
goods and services over time. Its weakness follows from the same conception: the “fixed basket”
becomes less and |ess representative over time as consumers respond to price changes and new

choices.

3. There are several categories or types of potential biasin using changesin the CPl asa
measure of the change in the cost of living. 1) Substitution bias occurs because a fixed market
basket fails to reflect the fact that consumers substitute relatively less for more expensive goods

when relative prices change. 2) Outlet substitution bias occurs when shifts to lower price outlets



are not properly handled. 3) Quality change bias occurs when improvements in the quality of
products, such as greater energy efficiency or less need for repair, are measured inaccurately or
not at al. 4) New product bias occurs when new products are not introduced in the market

basket, or included only with along lag.

4. While the CPI is the best measure currently available, it is not atrue cost of living index
(this has been recognized by the Bureau of Labor Statistics for many years). Despite many
important BL S updates and improvements in the CPI, changes in the CPI will overstate changes
in the true cost of living for the next few years. The Commission’s best estimate of the size of the
upward bias looking forward is 1.1 percentage points per year. The range of plausible valuesis

0.8 to 1.6 percentage points per year.

5. Changesin the CPI have substantially overstated the actual rate of price inflation, by about
1.3 percentage points per annum prior to 1996 (the extra 0.2 percentage point is due to a problem
called formula bias inadvertently introduced in 1978 and fixed thisyear). Itislikely that alarge

bias also occurred looking back over at least the last couple of decades.

6. The upward bias creates in the federal budget an annual automatic real increase in indexed
benefits and areal tax cut. CBO estimates that if the change in the CPI overstated the change in
the cost of living by an average of 1.1 percentage points per year over the next decade, this bias

would contribute about $148 billion to the deficit in 2006 and $691 billion to the national debt by



then. The bias alone would be the fourth largest federal program, after social security, health care

and defense. By 2008, these totals reach $202 billion and $1.07 trillion, respectively.

7. Some have suggested that different groups in the population are likely to experience faster
or ower growth in their cost of living than recorded by changesin the CPI. We find no
compelling evidence of thisto date (in fact just the opposite) but further exploration of thisissue

isdesirable.

8. The commission is making over a dozen specific recommendations to the BLS. These

include the following:

i The BL S should establish a cost of living index (COLI) asits objectivein
measuring consumer prices.

ii. The BL S should develop and publish two indexes: one published monthly
and one published and updated annually and revised historicaly.

iii. The timely, monthly index should continue to be called the CPI and should
move toward a COLI concept by adopting a“ superlative’ index formulato
account for changing market baskets, abandoning the pretense of sustaining the

fixed-weight Laspeyres formula



V. The new annual COL index would use a compatible “ superlative-index”
formula and reflect subsequent data, updated weights, and the introduction of new
goods (with their history extended backward).

V. The BL S should change its procedure for combining price quotations by
moving to geometric means at the elementary aggregates level.

Vi. The BLS should study the behavior of the individual components of the
index to ascertain which components provide most information on the future
longer-term movements in the index and which items have fluctuations which are
largely unrelated to the total and emphasize the former in its data collection
activities.

vii.  The BLS should change the CPI sampling procedures to de-emphasize
geography, starting first with sampling the universe of commodities to be priced
and then deciding, commodity by commodity, what is the most efficient way to
collect a representative sample of prices from which outlets, and only later turn to
geographicaly clustered samples for the economy of data collection.

viii.  The BLS should investigate the impact of classification, that is item group
definition and structure, on the price indexes to improve the ability of the index to
fully capture item substitution.

iX. There are a number of additional conceptual issues that require attention.
The price of durables, such as cars, should be converted to a price of annual

services, aong the same lines as the current treatment of the price of owner-



occupied housing. Also, the treatment of “insurance” should move to an ex-ante
consumer price measure rather than the currently used ex-post insurance profits
based measure.

X. The BL S needs a permanent mechanism for bringing outside information,
expertise, and research resultsto it. At the request of the BLS, this group should
be organized by an independent public professional entity and would provide BLS
an improved channel to access professiona and business opinion on statistical,
economic and current market iSsues.

Xi. The BLS should develop aresearch program to look beyond its current
“market basket” framework for the CPI.

xii.  The BLS should investigate the ramifications of the embedded assumption
of price equilibrium and the implications of it sometimes not holding.

xiii.  The BLSwill require anumber of new data collection initiatives to make
some progress along these lines. Most important, data on detailed time use from a

large sample of consumers must be devel oped.

9. The Commission is making several recommendations to the President and Congress.
These include the following:
xiv.  Congress should enact the legidation necessary for the

Departments of Commerce and Labor to share information in the interest



of improving accuracy and timeliness of economic statistics and to reduce

the resources consumed in their development and production.

XV. Congress should provide the additional resources necessary to expand the
CES sample and the detail collected, to make the POPS survey more frequent, and
to acquire additional commodity detail from aternative national sources, such as
industry surveys and scanner data.

xvi.  Congress should establish a permanent (rotating) independent committee or
commission of experts to review progress in this area every three years or so and
advise it on the appropriate interpretation of then current statistics.

xvii.  Congress and the President must decide whether they wish to continue the
widespread substantial overindexing of various federal spending programs and
features of the tax code. If the purpose of indexing is accurately and fully to

insul ate the groups receiving transfer payments and paying taxes, no more and no
less, they should pass legidation adjusting indexing provisions accordingly.

This could be done in the context of subtracting an amount partly or wholly reflecting the
overindexing from the current CPl-based indexing. Alternatively, a smaller amount would need to
be subtracted from indexing based on the new revised annual index if and when it is developed
and published regularly, to more closely approximate the change in the cost of living.

We hasten to add that the indexed programs have many other features and raise many

other issues beyond the narrow scope of a more accurate cost of living index. We also wish to



express our view that these findings and their implications need to be fully digested and

understood by the BLS, the Congress, the Executive Branch and the public.



I. INTRODUCTION!?

Accurate measures of changesin the cost of living are among the most useful and important
data necessary to evaluate economic performance. The change in the cost of living between two
periods, for example 1975 and 1995, tells us how much income people would have needed in
1975, given the prices of goods and services available in that year, to be at |east as well off as they
arein 1995 given their income and the prices of goods and services available then. For example,
if afamily with a $45,000 income in 1996 would have needed $15,000 in 1976, the cost of living
hastripled in the interim.

If the American economy was quite static, with very few new products introduced, very little
quality improvement in existing products, little change in consumers income, and very small and
infrequent changes in the relative prices of goods and services, measuring changes in the cost of
living would be conceptually quite easy and its implementation a matter of technical detail and
appropriate execution. Fortunately for the overwhelming majority of Americans, our economy is
far more dynamic and flexible than that. New products are being introduced all the time and
existing ones improved, while others leave the market. The relative prices of different goods and
services change frequently, in response to changes in consumer demand, and technologica and

other factors affecting costs and quality. Consumersin America have the benefit of avast and

1 We would like to thank the staffs of the Bureau of Labor Statistics, Congressional Research Service, Congressional
Budget Office, Senate Finance Committee and other individuals in academe and the private sector too numerous to
mention here for valuable assistance and advice during the Commission’ s work.



growing array of goods and services from which to choose, unlike consumers in some other
countries or our ancestors many decades ago.

But because the economy is complex and dynamic is no reason to bemoan the greater
difficulty in constructing an accurate cost of living index. Major improvements can and should be
made to the various official statistics that are currently used as proxies for changes in the cost of
living, such as the well-known Consumer Price Index (CPl).

The Consumer Price Index measures the cost of purchasing a fixed market basket of goods
and services. Based on surveys of households from some base period, the index sets weights
(expenditure shares) for different goods and services. The weights reflect average or
representative shares for the groups surveyed.? K eeping these weights fixed through time, the
CPl isthen calculated by attempting to measure changes from one month to the next in prices of

the same, or quite closely related, goods and services.

But through time consumption baskets change, in part because of changesin the relative prices of goods and
services, and therefore the weights from the base period no longer reflect what consumers are actually purchasing.
Representative purchases al so change as discount coupons, buyers' clubs and other marketing devices determine the

best value and alter buying patterns. Thisfailure to adjust for the changes in consumer behavior in response to relative

price changes s called subgtitution bias. It isanecessary result of keeping the market basket fixed.

2 The two most commonly used measures are the CPI-U and CPI-W. The former isfor all urban consumers, roughly
80% of the population; the latter is for urban wage and clerical workers, about 32% of the population. Note that the
expenditure shares may be quite different than the average for any particular household, and also on average for
subgroups of the population. Also, the prices paid for some products may differ for some households from the prices
actually sampled. In principle, if not practice, a separate cost of living index could be developed for each and every
household based on their actual consumption basket and prices paid. The overall index is used to approximate this with
the data reflecting representative consumers. Whether thisisitself sufficiently misdeading asto warrant separate price
indexes for different population subgroups is discussed below.



Because the market basket is updated only every decade or so, as we get further away from the
base period, there is more opportunity for relative prices to diverge from what they were in the
base period, and for consumption baskets to change substantially.

Just as there are changes in what consumers purchase, there are also trends and changesin
where purchases are made. In recent years, there has been a transformation of retailing.
Superstores, discount stores and the like now comprise a large and growing fraction of sales
relative to a decade or two ago. Asimportant as keeping up with the basket of goods that
consumers actually purchase is keeping up with the outlets where they actually purchase them, so
that the prices paid are accurately recorded. The current methodology suffers from an outlet

substitution bias, which insufficiently takes into account the shift to discount outlets.

Many of the products sold today are dramatic improvements over their counterparts from
years ago. They may be more durable and subject to less need for repair; more energy efficient;
lighter; safer; etc. Sometimes, at least initially, a better quality product replacing its counterpart
may cost more. Separating out how much of the price increase is due to quality change rather
than actua inflation in the price of a standardized product is far from simple, but is necessary to
obtain an accurate measure of the true increase in the cost of living. To the extent quality change

ismeasured inaccurately or not at al, there is a quality change biasin the CPI.

The same istrue with the introduction of new products, which have substantial value in and of
themselves -- not many of us would like to surrender our microwave ovens, radial tires, and

VCR’s-- aswell asthe value of greater choice and opportunities opened up by the new products.



To the extent new products are not included in the market basket, or included only with along

lag, there is anew product biasin the CPI.

Finally, in adynamic, complex economy like the contemporary United States, there are
literally many thousands of goods and services consumed. Price data are collected at a
considerable level of disaggregation and how the price changes are aggregated into an overall
index involves quite technical issues that can lead to aformulabiasin the CPI.

Even if no federal program on either the outlay or revenue side of the budget were indexed, it
would still be desirable to improve the quality of measures of the cost of living from the
standpoint of providing citizens a better and more accurate estimate of what was actually going
on in the economy, away to compare current performance to our historical performance or to
that of other countries. For example, the most commonly used measure of the standard of living
isrea income or output per person. To measure changesin real income requires the separation of
nominal income changes from price changes. Obvioudy, that requires an accurate measure of
price changes. The Commerce Department uses the component indexes of the CPI asinputsin
estimating inflation and real GDP, and thus some of the bias from the CPI is transmitted to the
national income accounts.

But numerous federal, state and local government programs and tax features are “indexed” for
changes in the cost of living by the changes in the Consumer Price Index. The CPl isaso used to
index, formally or informally, alarge number of private sector contracts, including wagesin
collective bargaining agreements and rents, to name obvious examples that affect millions of

Americans. Currently, dightly under one-third of total federal outlays, mostly in retirement



programs, are directly indexed to changes in consumer prices. Several features of the individual
income tax, including the tax brackets, are indexed; the individual income tax accounts for alittle
under half of federal revenues.

Congress indexed these outlay programs and tax rules in order to help insulate or protect the
affected individuals from bearing the brunt of increases in the cost of living. Y et the Bureau of
Labor Statistics, the agency responsible for compiling and presenting the Consumer Price Index,
has explicitly stated for years that the CPI is not a cost of living index, presumably for some of the
reasons mentioned above. If the Consumer Price Index as currently produced, and as likely to be
produced over the next few years, is not an appropriate cost of living index for the task Congress
had in mind, then it is desirable to consider aternative measures.

The consequences of changes in the Consumer Price Index overstating changes in the cost of
living can be dramatic. For example, if use of the CPI is expected to overstate the increase in the
cost of living by one percentage point per year over the next dozen years, the national debt would
be about $1 trillion greater in 2008 than if a corresponding correction were made in the indexing
of outlays and revenues.

This report proceeds as follows. Section |1 discusses the historical and prospective budgetary
implications of changes in the CPI overstating changes in the cost of living. Section I11 presents
an overview of how the CPI is actually constructed. Section IV details why the CPI is not atrue
cost of living index and discusses substitution bias. Section V describesin greater detail the
current procedures employed by the BLS to adjust for quality change and presents a survey of the

studies and the Commission’ s judgment on the bias from quality change and new products.



Section VI summarizes the Commission’s findings on the size of the bias by type, plus the range
of plausible overall bias. Section VI discusses the issue of separate price indexes for different
groups and of aspects of the quality of life that fall primarily outside the market based
consumption focus of cost-of-living measures. Section V111 presents the Commission’s detailed
recommendations of ways to produce and to use more accurate cost-of-living measures. The
Conclusion offers a brief perspective and some cautionary notes on the use of the findings of the

Commission.

1. INDEXING THE FEDERAL BUDGET

The issue posed for fiscal policy makers by an upward bias in the CPI has been stated with
admirable clarity by the Congressional Budget Office (1994).
The budgetary effect of any overestimate of changesin the cost of living highlights
the possibility of a shift in the distribution of wealth. If the CPI has an upward
bias, some federa programs would overcompensate for the effect of price changes
on living standards, and wealth would be transferred from younger and future
generations to current recipients of indexed federal programs -- an effect that
legislators may not have intended.’
Socia Security is by far the most important of the federal outlays that are indexed to the CPI.
However, Supplemental Security Income, Military Retirement, and Civil Service Retirement are

significant programs that are smilarly indexed. Other federal retirement programs, Railroad

Retirement, veterans compensation and pensions, and the Federal Employees Compensation Act

% See Congressiona Budget Office (1994).



also contain provisions for indexing. The Economic Recovery Tax Act of 1981 indexed
individual income tax brackets and the personal exemption to the CPI.

How important have the budgetary consequences of upward bias in the CPI been higtorically?
Obvioudly, a precise answer to this question would require extended study, taking into account
the timing of the bias, the parallel development of indexing provisions in specific federal outlays
and revenues, and interest on the accumulation of debt that has resulted. An indication of the
potential size of these effects can be inferred from one important historical example of one clearly
identified source of bias. A careful study of this type, which focuses on the most important
federa program affected by indexing, namely, socia security benefits, has been conducted by the
Office of Economic Policy (OEP) of the Department of the Treasury.

On February 25, 1983, the Bureau of Labor Statistics (BLS) introduced an important
technical modification in the Consumer Price Index for All Urban Consumers (CPI-U). This
atered the treatment of housing costs by shifting the costs for homeowners to arental equivalent
basis. The new treatment of housing costs was incorporated into the Consumer Price Index for
Urban Wage Earners and Clerical Workers (CPI-W), used to index social security benefits, in
1985.

The rental equivaent measure of housing costs was a conceptual improvement and has been
retained in subsequent officia publications. However, housing costs in preceding years employed

a “homeownership” measure” . . . based on house prices, mortgage interest rates, property taxes



and insurance, and maintenance costs.”* The treatment of housing costs prior to 1983 was not
modified in publishing the revised CPI-U, so that the new treatment of housing introduced a
discrepancy in the conceptual basis for the CPI-U before and after 1983. Similarly, housing costs
in the CPI-W prior to 1985 have not been modified.

BLS developed an “experimenta” price index, CPI-U X1, based on arental equivaent
treatment of housing extending back to 1967. This provides the basis for the OEP assessment of
biasin the CPI-W. The biasfor 1975, the first year that socia security was indexed to the CPI-
W, was 1.1 percent. This bias mounted over subsequent years, reaching 6.5 percent by 1982 and
then declining to 4.7 percent in 1984.°

Overpayments of social security benefits resulting from the bias in the CPI-W mounted
through 1983, reaching atotal of $8.76 billion or 5.55 percent of benefits paid in that year. These
overpayments have resulted in alower balance in the OASI trust fund and a larger federal deficit
and debt. OEP estimates interest costs associated with these deficits at the rate of interest paid or
projected to be paid on the OASI trust fund. Beginning in 1984 interest costs predominate in the
total. Inthe current fiscal year the total cost is $21.79 hillion, of which $17.64 billion isinterest.
The cumulative effect of just this one source of biasin the CPI-W viathis one program on the
federal debt amounts to $271.0 billion, as of 1996.

In summary, the BLS made two decisions in revising the treatment of housing costsin the

* See Gillingham and Lane (1982).

® See Duggan, Gillingham, and Greenlees, (1995).



CPI-W in 1985. The first decision was to change the treatment of housing costs to arental
equivalent basis beginning in January 1985. The second was not to revise the treatment of
housing costs for 1984 and earlier years. As a consequence of these two decisions the level of the
CPI-W is 4.7 percent above the CPI-U X1, a measure of the cost of living based on the same
primary data sources and similar methodology, but with a consistent treatment of housing costs.

The increasesin federal outlays resulting from the bias in the CPI-W cannot be justified as
cost of living adjustments. These increases are the consequence of an inappropriate treatment of
housing costs before 1985 and have resulted in large transfers to beneficiaries of the OAS|
program that are devoid of any economic rationale. The overpayments have continued up to the
present, but are declining in importance. However, the resulting declinein the OASI trust fund
continues to mount due to rising interest costs and now contributes more than two hundred billion
dollarsto the federal debt.

Of course, nobody would suggest retroactively undoing the overindexing due to this or any
other source of bias. The point of this discussion isto demonstrate how important it is to correct
biases in the CPI as quickly and fully as possible before their consequences mount, indeed
compound.

What would be the effect of an upward bias in the CPI on future budget deficits? More than
half of federal spending of $1.5 trillion is now attributable to entitlements and mandatory spending
programs. In January 1995 the annual Congressional Budget Office (CBO) outlook for the
economy and the federal budget showed that this proportion is projected to rise to almost two-

thirds of federal spending during fiscal year 1998. Cost-of-living adjustments at a projected rate



of 3.0 percent will contribute $43 billion to total spending on mandatory programs in that year
and $80 billion in fiscal year 2000.° Thisis 6.8 percent of projected spending on mandatory
programs in fiscal year 2000.

Testimony presented by the CBO to the Committee on Finance shows the impact of a
hypothetical correction (reduction) of 0.5 percentage point in cost of living adjustments for fiscal
years 1996-2000. Federa outlays would decline by $13.3 billion in fiscal year 2000, while
revenues would rise by $9.6 billion. The decline in debt service resulting from reduced deficitsin
fiscal years 1996-2000 would be $3.3 hillion, yielding atotal contribution to deficit reduction of
$26.2 billion in fiscal year 2000.” Thisis more than ten percent of the deficit projected by CBO in
that year.

The CBO has provided the Commission with updated projections of the impact of
hypothetical corrections (reductions) of 0.5 and 1.0 percentage point in cost of living adjustments
for fiscal years 1997-2006.% With areduction of 0.5 percentage point the total contribution to
deficit reduction rises to $67.5 billion in 2006. Of this amount, an increase in revenue accounts
for $22.3 billion and reductions in outlays, including debt service, amounts to $45.3 billion (of

which debt service is $13.1 billion).

® See Congressiona Budget Office (1995).

" See O'Neill (1995). These CBO budget estimates are relative to CBO' s January 1995 baseline and do not include
the small adjust assumed in the out-years of the budget resolution.

® These estimates are relative to the CBO's May 1996 Baseline. See CBO (1996).



CBO projections for the impact of a hypothetical correction (reduction) in cost of living
adjustments of 1.0 percentage point are, of course, even more dramatic. The total change in the
deficit in the year 2006 is $134.9 billion. Federa revenues would be increased by $44.5 hillion
and federa outlays reduced by $90.5 billion; of the reduction in outlays $26.1 billion can be
attributed to lower debt service and $64.4 billion to lower outlays on indexed programs.

Stated differently, if the change in the CPI overstated the change in the cost of living by an
average of one percentage point per year over this period, this bias aone would contribute almost
$135 hillion to the deficit in the year 2006. That is one-third the projected baseline deficit (which
assumes no policy changes such as the current balanced budget proposals). More remarkably, the
upward bias by itself would constitute the fourth largest federal outlay program, behind only
socia security, health care and defense. By 2008, the increased deficit would be $180 billion and
national debt $1 trillion. (See Appendix Figures A-1 and A-2 for related detail).

In summary, an upward bias in the CPl would result in substantial overpayments to the
beneficiaries of federal entitlements and mandatory spending programs. In addition, such a bias
would reduce federal revenues by overindexing the individual income tax. In short, the upward
bias programs into the federa budget every year an automatic, real increase in indexed benefits
and areal tax cut. Correction of biasesin the CPI, while designed to adjust benefits and taxes for
true changes in the cost of living more accurately, would aso contribute importantly to reductions
in future federal budget deficits and the national debt. These reductions can be attributed to

higher revenues, lower outlays, and less debt service. Lower outlays -- cutsin indexed federa



gpending programs and reduced interest payments -- account for over two-thirds of the long-run

deficit reduction, while higher revenues account for the rest.

I1l. How THE CPI 1S CONSTRUCTED: A BRIEF INTRODUCTION

Knowledge of how the CPI is constructed is needed to understand the reasons that biases
occur and the rationale for our recommendations for improvements and changes. This section
provides a brief description of the BLS methodology highlighting the places where biases and key
issues are likely to arise. We refer the reader to BLS documentation for more detail on data
collection procedures and index construction methodology, as well asto recent articles by
Armknecht (1996), and Shapiro and Wilcox (1996b).°

As could be inferred from the discussion above about the complexities of amodern
dynamic capitalist economy, the CPI program is a complex and difficult undertaking. To make it
manageable, the BLS applies a simplified view of the marketplace and consumer behavior. This
simplified view is reflected throughout the CPI approach. It takes expenditures for afixed market
basket of goods and services at some point in the past, called the base or reference period, and
estimates what it would cost today to purchase the same market basket. The formula used to
construct the CPI, called Laspeyres, assumes that purchases are made in fixed quantities based on

decisions from some previous period’ s experience. In other words, the CPI attempts to answer

°Chapter 19 of BLS Handbook of Methods. We are especialy grateful to John Greenlees and Brent Moulton of BLS
for clarifying severa of these issues for the Commission.



the question, "what is the cost, at this month’s market prices, of purchasing the same market
basket actually purchased in the base period?’ Since the Laspeyres formula does not allow for the
substitution of products or servicesin response to current prices and choices, it is an "upper
bound" to a cost of living.

The market basket consists of total expenditures on items directly purchased by all urban
consumers, that is, food, clothing, shelter and fuels, transportation, medical services and other
goods and services that people buy for day-to-day living. The BL S uses scientific sampling
techniques to select specific items. The BLS measures the price changes in these items over time.
The sample design involves a multistage process for sampling by geographic area, retail outlet,
item category, and individual goods and services within an outlet and category.

Several samples are used to try to make the CPI representative of the prices paid by
consumers: urban areas selected from all U.S. urban areas, consumer units within each selected
area, outlets from which these consumer units purchased goods and services, specific items --
goods and services -- purchased by these consumer units, and housing units in each urban area
(for the shelter component of the CPI). The key sources of information used to determine the
items which comprise the market basket and the outlets at which prices are to be collected are the
Consumer Expenditure Survey (CES) and the Point-of-Purchase Survey (POPS).

Each month, prices for approximately 71,000 goods and services are collected from

22,000 outlets, in 44 geographic areas.’® Separately, information is collected each month from

%Prices are actually collected in 88 locations, called primary sampling units, or PSUs. In eight PSUs (the five largest
urban aress), prices are collected for all items every month. In other areas, prices are collected monthly for food, fuels
and afew other items, and bi-monthly for al other items. Of the 44 areas which go into the index every month, 32 are



about 5,000 renters and 1,000 homeowners for the housing components of the CPI.** The price
guotations are combined, that is, aggregated, into the overal CPI. The determination of
representative items to be priced, the procedure for collecting prices at the outlets, and the levels
at which the prices are combined into indexes and the indexes are combined into higher
aggregates, are al based on a fixed structure or system in which a number of key assumptions are
embedded.

The item structure has four levels of classification beginning with magjor groups such as
food and beverages, transportation, and medical care. The seven major groups are made up of 69
expenditure classes (EC’s), for example fresh fruits (EC 11) and hospital and other related
services (EC 57). The expenditure classes are in turn divided into 207 groupings called item
strata, the lowest level at which indexes are constructed.”® Two examples of item strata are
apples, and nursing and convalescent home care. It isimportant to note that while the item
categories are mutually exclusive and exhaustive for all consumer expenditures, this does not
mean that new goods and services are automatically brought into the sample if they were not

available during the reference period. It just means that every good and service can be classified

self-representing because of their size and 12 are composites constructed from 56 PSUs which provide representation
for smaller and mid-size cities across the country.

"The housing component properly captures the multiple period consumption accrued subsequent to the purchase of a
house. This same approach iswarranted but not used in measuring durable goods such as automobiles and refrigerators.

20nly 184 of the item groups are actually priced. The other 23 strata account for less than 2 percent of the weight of
the overall index. Priceindexesfor these groups are moved with changes in the indexes for the item groups which are
priced.



within an existing stratum and there is no need to create a new stratum for when a new good or
serviceisintroduced. (Thisis made possible in part by numerous item categories called "other.")

Within each item stratum, entry level items, called ELIs for short, are defined. Indexes are not
constructed at this level. Many stratum have only one ELI for example, Apples. The ELIs are the
lowest level sampling units for items. They are the level of item definition at which the data
collectors begin item sampling within each sample outlet. For example, prices for Brand “X”
fever thermometers for babies, model 41303 41082, 4 3/10 inches long with plastic case, sold by
“Y” Foods, Inc. in West Terre Haute Indiana, might be collected for Medical Equipment for
General Use, ELI 55032, within Non-prescription Drugs and Medical Supplies, item stratum
5503, within Non-prescription Drugs, EC 55, within the Medical Care Commodities component
of the Medical Care major expenditure category.*® A schematic of the item structure is shown
below in Figure 1.

Outlets within geographic areas are sampled, too. The probability of selection for any given
outlet is proportional to that outlet’s share in total expenditures in the survey areafor the item
category in question. Thisis done so that the price quotes for selected items are obtained at
outlets which are representative of the places that consumers made their purchases and also
because the outlet is assumed to be an important characteristic of the purchase and component of

price change. It follows from this assumption that differencesin prices of the sameitemin

B3This exampleis current and real, provided by BLS. The names of the brand and store are withheld to adhere to
confidentiality requirements.



different outlets must represent differences in aspects of the purchase such as quality of service or

convenience of location and that consumers will pay the same proportional difference over time



FIGURE 1
CPI HIERARCHY STRUCTURE




for these other aspects. When this assumption does not hold, such as when some outlets grow
faster than others, the methodology will prevent adequate accounting in two ways: the current
methodology will not adequately provide for obtaining more price quotes or give more
importance to the more favored outlets, nor does it provide for direct comparison of the quality
differences in purchasing the same item at two different places.

Thereisaprocess to "refresh” items and outlets sasmpled, called sample rotation, which generates
asample of specific items each of which had a probability of selection into the sample
proportional to its share in recent consumer expenditures. Approximately 20 percent of the
sampleis rotated every year such that full rotation takes 5 years. The items rotated in are not
directly compared to those they replaced. The procedure assumes that at the time of rotation, the
origina item and the one rotated in have the same quality adjusted price.

BLS procedure provides for selecting alternative items to be priced when the previoudy
priced item is sold out, discontinued or otherwise permanently unavailable. The field agent is
given guidelines to use in selecting the replacement or substitute item within the same ELI and a
judgment is made as to the comparability of the specifications. (However, there is no provision to
assure that the replacement is the product which has taken market share from the one that has

disappeared.)** When the substitute is determined to be non-comparable, BLS most often

“There are other reasons that may result in the disappearance of a specific item from a specific outlet. When the
reason is loss of competitive market share, the BL S replacement procedures are likely to result in upward bias.



assumes that the quality difference accounts for the price difference, net of the price change since
the last pricing period for similar items.™ In some cases, attempts are made to measure the
quality differences. Notice that it is the disappearance of an item which triggers the mechanism to
price a substitute.

Prices of new goods not falling within an established stratum, which are introduced after
the base period and therefore not in the reference market basket, are not given specia preference
in item substitution and sample rotation, and consequently are often not included in the index until
the subsequent decadal revision.’® (Moreover, the impact of new goods is not measured
retrospectively because the CPI is not revised historically.'’) Frequently cited examples of
important new products which were not introduced until many years after their introduction are
air conditioners and VCRs.*® Cedllular telephones will be included in the 1998 revision of the CPI.

While the methodology does not ensure the introduction of new products until the market

basket is updated, improving the timeliness through more frequent updates of the market basket

This procedure is based on the assumption that the marketplace adjusts fully and instantaneously to price differences
among competing products. This can happen in two ways: prices of substitutes change immediately to make them equal
(quality-adjusted), or quantities of what would be higher priced products fall to zero making them disappear from the
market.

%The market basket has been updated once per decade historically and introduced with a several year lag. For
current data, it represents an average derived from surveys for 1982-1984. The next revision of the index is scheduled
for introduction in 1998 at which time the base period will be updated to 1993-1995.

YOnly seasonal factors are revised historically.

8Sometimes a new product is introduced with sample rotation. An example might be a new variety of apples.



solves only part of the problem. Direct comparisons of the quality of new products with those
with which they compete is often difficult. Furthermore, proper accounting of the impact of new
products often requires comparisons with products in other item groups. The current item
structure prevents the CPI from fully capturing the effects of a drug replacing surgery, of
electronic information services replacing newspapers, of automobile leasing competing with
purchases, of video rentals replacing cinema attendance. Over time, price changes in successful
products will be given greater weight in the CPI, but full measurement of the price impacts across
item groups is not possible when close substitutes are in different item groups.”® Although the
item structure has severa purposes, index estimation is the most important.

Prices for specific goods and services at specific outlets in specific locations are combined
into item group-area indexes and these indexes are further aggregated by weighting them together
either up through the item classification structure or by geographic area, to form anational CPI.
The weights are derived from the Point-Of-Purchase Survey, the Consumer Expenditure Survey
(which contains only modest detail) and from the statistical approach used in initiating specific
commodities or services at the selected outlets. The design does not provide for collecting
changes in quantities over time (since the market basket is assumed to be unchanged, thisis not

necessary to construct the CPI).

*The ability of the CPI to fully capture price impacts such as these depends on the degree to which the classification
structure is consumption-based. That is, items which are the closest substitutes for each other in terms of how they are
used, must be in the same item group, the lowest level a which indexes are constructed. The item structure is updated
with the decadal revisions of the CPI. The new item structure which will be introduced with the 1998 revision will make
some improvements toward placing close substitutes together. Much more is needed.



The use of arithmetic means to combine price changes within item groupings, for example
different types of apples, implements the restriction that quantity weights do not change when
prices change.® The arithmetic mean fails certain common sense tests, as discussed in the next
section.

The greater the substitutability of the items whose prices are combined this way, the
greater the resulting substitution biasin theindex. An aternative to assuming no changein
guantities is to assume no change in expenditure shares. This can be accomplished through the use
of geometric means, which effects a price increase that is proportionally offset by a quantity
decrease. For example, if aten percent increase in the price of granny smith apples were
associated with aten percent reduction in the quantity purchased, geometric means would be the
appropriate way to capture the market response. If there were no quantity change associated with
the price increase then arithmetic means would be appropriate. In the case of granny smith apples,
the availability of other varieties of apples may yield a market response to quantities that more
than offsets the price increase. When this happens, the use of geometric means understates the
market response.

It isworth noting that the published geographic indexes do not provide comparisons of the
price level across geographic areas; rather, they provide comparisons of rates of change in the

CPl. Clearly, if therates of change are different, then the levels must also differ at some point.

PAnother way to state thisis that the elasticity of substitution among items within the lowest grouping, say types of
apples, is assumed to be zero.



Indeed, the differencesin levels would be of significant interest as a comparison of the cost of
living across geographic areas. Y et the methodology does not provide such comparisons.
Geographic areas play an important role in the sampling design, however, geographic areaindexes
as they are constructed today serve no other purpose than a step in aggregation, en route to a
national CPI.

In summary, sampling techniques are used to determine which items are priced at which
outlets. The methodology requires alegiance to the concept of afixed market basket which by
design does not change item category weights until the market basket is updated, historically
every ten years or so, and hence fails to capture some new products. Neither does it make direct
comparisons of the purchase experience at different outlets, by assumption not capturing the
lower prices to which consumers respond making some outlets grow faster than others. The most
detailed level at which price indexes are constructed is for 207 item groups for each geographic
area. Geographic area price indexes are constructed to provide estimates of price changein
specific geographic areas en route to the national CPI, but they do not provide inter-area
comparisons of the cost of living. Price indexes are successively combined into broader
categories until anational CPI is reached.

In conclusion, improving the CPI as a measure of the cost of living requires addressing a
range of issues beginning with revisiting critical assumptions, adjusting resource optimization
criteria, and abandoning the Laspeyres index formula. The Commission’s recommendations are

presented in Section VIII.






IV. THE CONSUMER PRICE INDEX AND A COST OF LIVING

INDEX: MEASUREMENT ISSUES

A cost of living index is a comparison of the minimum expenditure required to achieve the
same level of well-being (also known as welfare, utility, standard-of-living) across two different
sets of prices. Most often it is thought of as a comparison between two points of time. Aswith
any practical application of theory to index number production, estimating a cost of living index
requires assumptions, a methodol ogy, data gathering processes and index number construction.

There are two sets of potential biasesin the CPI: biasesrelative to an “ideal” cost of living
index and biases which arise within its own terms of reference. The strength of the CPI isin the
underlying simplicity of its concept: pricing afixed (but representative) market basket of goods
and services over time. Its weakness follows from the same conception: the “fixed basket”
becomes less and |ess representative over time as consumers respond to price changes and new
choices.

Consumers respond to price changes by substituting away from products that have become
more expensive and toward goods whose prices have declined relatively. Asthe world changes,
they are faced with new choices in shopping outlets, varieties, and entirely new goods and
services, and respond to these aswell. These changes make the previoudly “fixed basket”

increasingly irrelevant.



In trying to keep true to its concept in arapidly changing world, the current CPI procedures
encounter difficulties. Biases result when they ignore some of these changes such as the
appearance of discounters, and also when they try to do something about them such as when
items are rotated out of the sample and replaced with new items. Attempting to capture the
changes in away that tries to mimic the pricing of a“fixed basket” within arather patchwork
framework just cannot be done without introducing other problems into the resulting index.
These different biases overlap and have been discussed under a number of headings: substitution
bias; formula bias; outlet substitution bias; quality change; and new product bias.

The “pure’ substitution biasis the easiest to illustrate. Consider avery stylized example,
where we would like to compare an initial “base”’ period 1 and a subsequent period 2. For
simplicity, consider a hypothetical situation where there are only two commodities: beef and
chicken. In period 1, the prices per pound of beef and chicken are equal, at $1, and so are the
guantities consumed, at 1 Ib. Total expenditureistherefore $2. In period 2, beef istwice as
expensive as chicken ($1.60 vs. $0.80 per pound), and much more chicken (2 Ib.) than beef (0.8
Ib.) is consumed, as the consumer substitutes the relatively less expensive chicken for beef. Tota
expenditure in period 2 is $2.88. The relevant data are presented in Table 1. How can we
compare the two situations? Actually, there are several methods, each asking dightly different
questions and therefore, not surprisingly, giving different answers.

TABLE 1

2 Each method has come to be named for itsinventor. See below.



HYPOTHETICAL EXAMPLE OF SUBSTITUTION BIAS

PRICE QUANTITY PRICE QUANTITY PRICE RELATIVE

IN PERIOD 1 IN PERIOD 1 IN PERIOD 2 IN PERIOD 2 RELATIVES WEIGHTS

P2/P1 P1/P2 1 2
BEEF 1 1 16 0.8 16 0.63 0.5 0.43
CHICKEN 1 1 0.8 20 0.8 1.25 0.5 0.57

The smplest comparison is to ask “How much more must | spend in my current Situation

(period 2) to purchase the same quantities that | purchased initially (in period 1)?’% Thisisthe

guestion asked by the CPI. The price index for period 2 relative to period 1 uses the initial period

1 basket of consumption as the weights in the computation. To buy 1 |b. of beef and 1 Ib. of

chicken in period 2 costs $2.40. The price index for period 2 relative to period 1 is 1.20

(2.40/2.00), that isa 20 % increase.

Intuitively, it is easy to understand why such a computation imparts an upward (substitution)

bias to the measure of the change in the true cost of living. It assumes the consumer does not

substitute (cheaper) chicken for beef. Inthe rea world, asin the hypothetical example,

consumers change their spending patterns in response to changes in relative prices and, hence,

partially insulate themselves from price movements.

2 Thisindex is called the Laspeyresindex.




An dternative approach would be to ask the question “How much more am | spending in my
current situation (period 2) than | would have spent for the same goods and services at the prices
that prevailed initialy (in period 1)?'2® This price index compares expendituresin period 2
($2.88) with what it would cost to buy the current (period 2) market basket at the initial prices
($0.80 for the beef plus $2.00 for the chicken equals $2.80). This price index is 1.03, that is only
a3% increase. This approach understates the rise in the true cost of living as it overstates
substitution.

The idea underlying a cost of living index isto alow for the substitution that follows relative
price changes. The question answered by a cost of living index is. "How much would we need to
increase (or decrease) initia (period 1) expenditure in order to make the consumer as well off as
in the subsequent period (period 2).” Although the answer to this question might appear to
require detailed knowledge of a consumer's preferences, an excellent approximation can be
obtained by using a"superlative’ index formulainstead of the traditional fixed weight index
employed in the CPI.

The concept of a superlative index number was introduced by the American economist, Irving
Fisher (1922), to describe index numbers that met certain reasonable criteria and thus agreed

closaly with his"ideal" index, described below.

B Thisindex is called the Paasche index.

2 See Fisher (1922).



A mgor difficulty with afixed weight index is the failure of time reversibility. This ssimple and
intuitive requirement or "test” for an index number is that the index should remain the same if the
underlying prices undergo areversal. For example, suppose that the price of beef in Table 1 rises
from 1.0 in Period 1 to 1.6 in Period 2, but then falls back to 1.0 in Period 3, reversing the change
that took place between Periods 1 and 2. A fixed weight index increases by 60% between periods
1 and 2, but decreases by only 37.5% between periods 1 and 3, so that the increase in the “ beef”
index between periods 1 and 3 is 22.5% or 11.25% per period, rather than zero, as required for
time reversal.

A geometric average satisfies the time reversal test, sinceit is based on the square root of the
product of the price ratios between periods. 1n the example of the beef price from Table 1, the
price ratio between Period 1 and Period 2 is 1.6, while the price ratio between Period 2 and 3 is
.625. The product of these two price ratios is one, as required for time reversal, so that the
average price increase is zero per period.

This concept was generalized by the Canadian economist, Erwin Diewert (1976), and used to
describe any index number formula that provides a satisfactory approximation to an underlying
economic index, such as a cogt of living index.”> The CPI is based on afixed weight index
formulathat does not provide such an approximation, fails to meet these sensible criteriaand

worse yet is known to be biased upward. A superlative index requires the same information on

% See Diewert (1976).



prices and quantities as a fixed weight index, but involves interpolating between the two periods
rather than treating one of them as the "base" period. There are two ways of doing this.

The first approach to interpolating between time periods is to use the geometric mean of the
two fixed weight indexes -- using the initial period and the subsequent period as "base" periods.
The geometric mean is the square root of the product of the two indexes. Thisisthe ideal index
originated by Irving Fisher (1922) and now called the "Fisher ideal index" in hishonor. 1n our
example, this comesto 1.11, an 11% increase. By comparison the CPI-type fixed weight index,
treating period 1 as the "base" period, is biased upward by 9% (1.20 minus 1.11). Alternatively, a
fixed weight index with period 2 as the "base" period is biased downward by 8% (1.03 minus
1.11). The Fisher ided index is employed by the Bureau of Economic Analysisin compiling data
on the U.S. nationa income and product accounts.

An aternative approach to interpolation is to use a weighted average of the growth ratesin
prices with relative weights equal to the average of the weights in the two periods. Thisiscalled
the "Tornqvist" index in honor of one of its originators, the Finnish statistician Leo Tornqvist
(1936).% In our example, thisis 1.10, a 10% increase. We conclude that the two superlative
index formulas yield very similar approximations to the cost of living index. Estimates of the
biases of the two fixed weight indexes are also similar. The BLS has compared a fixed weight
index with the Fisher ideal and Torngvist indexes to assess the bias in the fixed weight index as a

measure of changes in the cost of living.

% See Torngvist (1936).



How large are substitution biases in the CPI”? To answer this question we must take into
account the hierarchical nature of the construction of the CPI described above. It is useful to
focusinitially on Upper Level Substitution Bias, which occurs when indexes for the 207 item
groups and 44 areas are aggregated to form the CPI. The BL S uses a fixed weight index for this
purpose (with weights derived from the Consumer Expenditure Survey (CES), a survey of
household expenditure patterns), and hence ignores substitutions of chicken for beef, apples for
oranges, etc. The BLS has measured this form of substitution bias by comparing afixed weight
index with an index generated by one of the interpolation methods we have described. Estimates
are presented in Section V1.

The second type of substitution bias in the CPI is Lower Level Substitution Bias, which
occurs when prices for the approximately 71,000 goods and services and information on housing
costs are used to form indexes for the 207 items and 44 areas. This part of the index construction
involves probability sampling with probabilities derived from the CES and the Point-of-Purchase
Survey (POPS) of retail establishments in order to reflect the likelihood of purchases of individual
items at specific retail outlets. It isuseful to think of this as an alternative fixed weight index with
probabilities playing the role of expenditure weights.

Since 1978 the formula at the lower level of index construction has been closely analogous to
the fixed weight index at the upper level and assumes no substitution between commoditiesin
response to price changes within the lowest level. For example, a change in the relative price of
delicious and Granny Smith apples would lead consumers to substitute one for the other, but this

isignored with afixed weight index at the lower level. In constructing a measure of the cost of



living afixed weight index at the lower level resultsin abias. To assess the magnitude of this bias
a geometric average based on the square root of the product of the price ratios between periods
provides an appropriate standard for comparison. For example, Moulton and Smedley (1995)
have compared the BL S fixed weight approach at this level with a weighted geometric approach.?’

Diewert (1995) has provided a detailed review of the properties of alternative approaches to
index number construction at the lower level.? These include time reversal, as well as other
reasonable requirements for index numbers at the lower level. Shapiro and Wilcox (1996b) have
provided an elegant rationale for the geometric approach based on the correlation of relative
prices over time.?® Provided that this correlation is small, a modification of the geometric mean is
approximately unbiased for the underlying cost of living index, and this characterization does not
require information about the underlying system of consumer's preferences.

Modified geometric means have been widely used as a standard for evaluating methods for
index number construction at the lower level. Diewert (1995) gives a useful review of the
empirical studies. In addition to the work of Moulton and Smedley (1995), Carruthers, Sellwood,
and Ward (1980) have conducted a study of this type for the U.K., Schultz (1994) for Canada,

Dalen (1994) for Sweden, and Woolford (1994) for Australia®* These studies show that fixed

%" See Moulton and Smedley (1995).

% See Diewert (1995).

% See Shapiro and Wilcox (1996h).

% See Carruthers, Sellwood, and Ward (1980), Schultz (1994), Dahlen (1994), and Woolford (1994).



weight indexes, like those used by BL S, are biased upward; the order of magnitude of the biasis
similar to that suggested by the study of Moulton and Smedley (1995) for the U.S. These
problems have led an increasing number of statistical agencies, such as Statistics Canada, to
follow Irving Fisher’'s (1922) advice and jettison the arithmetic mean in favor of the geometric
mean.

A relatively subtle problem developed in implementing the fixed weight index at the lower
level. When sample items are replaced by substitute items for which no previous price
observations are available, base period prices for the substitute items must be "imputed” to fill this
gap. The procedure adopted by BL'S for doing this had the effect of linking the weights for the
substitute items to the prices used in the CPI and produced a bias that is an important component
of Lower Level Substitution Bias. This problem also arises during rotations of itemsincluded in
the sample of 70,000 prices for goods and services and the sample of housing costs.

An estimate of the overall Lower Level Substitution Biasis give by the difference between the
fixed weight index and a geometrically weighted average, where the fixed weight index is based
on the methods for price imputation introduced by BLSin 1978. In 1995 and 1996 BLS
introduced new procedures based on "seasoning” the price estimates. Seasoning involves
lengthening the period between a price imputation and the period when an item is actually

introduced into the CPI. By lengthening this period the link between weights and prices for



individual items can be broken and the bias reduced. However, the bias associated with the fixed
weight formula remains.®

Our Interim Report anticipated that what we called "formulabias’ and now refer to as Lower
Level Subgtitution Bias would be eliminated by BLS. The BLS did alter its procedures by
introducing "seasoning" where appropriate; while this eliminated bias due to methods for price
imputation, it did not affect the bias due to the use of afixed weight formula at the lower level.
Accordingly, we have recommended below that BL S should replace the fixed weight formula by a
geometrically weighted average. This has been tested and found to be feasible in an important
study by Moulton and Smedley (1995).%* Additional work is currently underway to extend the
period of this study.

The introduction by BLS of afixed weight index at the lower level of aggregation was viewed
at the time as introducing consistency of indexing at both upper and lower levels of aggregation.
However, the disadvantages of the fixed weight approach at the upper level carry over to the
lower level. A superlative index formulais required to provide a satisfactory approximation to the
underlying cost of living index at the upper level. This avoids the bias associated with the fixed
weight index formula employed in the CPl. Similarly, lacking quantity or expenditure information
at the lower level, a good approximation to the underlying cost of living index is obtained from a

geometrically weighted average formula.

® For detailed discussion of Lower Level Substitution Bias, see: Moulton (1996).

%2 See Moulton and Smedley (1995).



Just as consumers change the goods they purchase in response to changes in relative prices, as
in the beef and chicken example, so do they change the location where they make their purchases.
The opening of a new discount store outlet may give consumers the opportunity to purchase at a
lower price than before. At present, the CPI procedures ignore such reductions that occur when
consumers change outlets. However, if consumers cared only about obtaining goods at the
lowest price, then we would observe all goods sold at the same price at all outlets. Instead, we
observe low prices at discount stores and warehouse clubs at the same time as medium prices at
supermarkets and higher prices at convenience stores. Evidently, consumers care not only about
prices, but the level of services such as availability of clerks, wrapping services, and the distance
between home and alternative outlets.

Current procedures in the CPI ignore price changes when consumers switch outlets. This
incorporates into the CPI the implicit assumption that price differentials among outlets entirely
reflect the differences in service quality. This approach would be legitimate if the economy stood
still with a stable set of outlets providing alternative levels of service quality. However, there has
been a continuous increase in the market share of discount stores as more efficient technologies of
distribution alow low price outlets to expand while older, higher priced outlets have contracted
and in some cases gone out of business. This shift in market share indicated that many
consumers respond to price differentials and do not consider them to be fully offset by differences
in service quaity. Completely ignoring al differences in service quality by incorporating al such

price reductions into the CPl would err in the opposite direction. Further research isrequired to



disentangle true changes in prices from changes in service quality. This problem is analogous to
the need to disentangle the changes in prices from changes in product quality.

Quality change and new goods present the most difficult problems for measurement. They
include capturing the introduction of new products in atimely manner; making direct quality
comparisons of new products with existing ones; making direct quality comparisons of new
products with other products against which they compete (in other classification groupings such
as anew drug and the surgical treatment it replaces); and capturing the combined impact of
quality and substitution as these new products displace others within and across their classification
grouping.

A well-known expert on price indexes has stated the general issue clearly: "...heterogeneity in
economics pertains to transactions, and not just the physical description of the product. Whenever
two transactions involve different bundles of explicit or implicit attributes, they differ qualitatively.
Differences in terms of sale, services provided with the sdle,...are exactly identical from the
economics of the matter, to physical changes that we normally think of as "quality change"
(Triplett (1990)).

For example, it is not just what is purchased where (and how), but possibly also when that
matters. There may also be atime of week bias. The BLS does not collect prices on weekends

and holidays when certain items and types of outlets disproportionately run sales.® There appears

* This undoubtedly arose both to save overtime pay and to accommodate retailers who prefer BLS price-takersto be
in their establishments when they are less crowded.



to have been a sizeable increase in the fraction of purchases made on weekends and holidays
perhaps reflecting the increased prevalence of two earner families. We know of no systematic
study of thisissue and urge the BL S to conduct the research necessary to examine it thoroughly,
perhaps with scanner data.

A full treatment of these issues reinforces the problem of focusing on the “average”’ or
“representative” consumer. Different consumers have different tastes and time costs, and hence
value the appearance of new outlets and new products differentially, with some (the majority)
becoming better off with supermarkets and others losing out as the corner grocery store
disappears. The CPI is not equipped to account for special characteristics of different consumers
or groups of consumers® %

There are still other issues that would in principle apply to obtaining a true cost of living index
(COLI). Consider two examples: the negative effects of higher crime rates and the
concommitant purchases of security devices and higher insurance premiums and the positive
effects of improvements in information technology that permit a parent to work at home when a

childisill. Surely these would enter a calculation of “the minimum expenditure necessary to be at

least as well off.” Section VII below explores some of these problems.

% See Jorgenson and Slesnick (1983).

% See Fisher and Griliches (1995).



V. QUALITY CHANGE AND NEW PRODUCTS

Introduction

The difficult questions posed by quality change and the continuing arrival of new products
have been called the "house-to-house combat of price measurement.” In this section we will treat
new product bias as a component of quality change bias and will not attempt to break down our
overal bias estimate into the separate contributions of quality change bias and new product bias.

Quality changes have occurred at arapid rate for some products but not others. The CPI
has done a better job capturing the effect of quality change for some products than others. The
CPI has introduced some new products faster than others. Because the magnitude of quality
change bias differs so much across product categories, any overall evaluation of the magnitude of
quality change bias must be conducted "down in the trenches’, taking individual categories of
consumer expenditure, assessing quality change bias for each category, and then aggregating
using appropriate weights.

Further complicating the analysisis that quality change bias, assessed at the level of
individual products, appears to have changed significantly over time. For instance, important
improvements in BLS methodology largely or entirely eliminated an upward biasin the CPI for

new automobiles prior to the mid-1960s and a downward bias for apparel after the mid-1980s.



Likewise, an important source of downward biasin the CPI rent index was eliminated in the late
1980s.%*°

Previous evauations of quality change bias, e.g., Shapiro and Wilcox (1996¢) and Lebow,
Roberts, and Stockton (1994) have tended to take bias estimates from earlier research on
particular products, e.g., consumer appliances or automobiles, apply that bias estimate with the
weight of those products in the CPI, and assumes that in the rest of the CPI the rate of quality
changeis zero. We do not view that approach aslikely to emerge with a neutral evaluation of the
bias, smply because the evaluation that the rest of the CPI is unbiased represents an extreme one-
sided answer to the question as to whether the components of the CPI subject to relatively little
research are biased. They may be as likely to be subject to the average rate of bias of those
components which have been subject to careful research asto no biasat all. In this section we
evaluate the CPI component-by-component and extrapolate research on bias from one category to
another when the categories seem related. Nevertheless, we attribute bias estimates of zero to a
number of categories which seem quite dissimilar to those categories subject to intensive research,

or where unmeasured quality change and new products have been relatively unimportant.

% Thereis no presumption that the magnitude of upward quality bias has declined over time. One consideration isthat
the growing importance of such hard-to-measure categories as consumer electronics and medical services may have
increased the significance of quality change biasin the past decade. Another problem is suggested by a"thought
experiment” recently conducted by Nordhaus (1996), who extrapolated backward substantial upward bias in the CPI
over along period of 190 years and arrived at implausibly low estimates of the standard of living of the average U. S.
citizen in the year 1800. The implausibility of continuous upward biasin earlier decades at the rate suggested for recent
decades in this report implies that in some earlier erathe upward bias in the CPl was substantially less. This, of course,
isnatural. Long ago more was more important than better, e.g., enough to eat was more important than variety. As
incomes rise beyond some point it is natural to expect increased demand for quality in many goods and services. We
return to thisissue below in our discussion of housing prices.



While the problem of bias due to quality change and new products can be largely separated
from the other forms of bias considered above, thisis not entirely possible. Evidence on quality
change bias developed in other studies, for instance Gordon (1990), is based on an attempt to
measure prices directly from sources independent of BL S price quotations, using such sources as
mail order catalogues and Consumer Reports.®” However, any differences between these
independent indexes and the CPI for the same goods may reflect not just quality change and new
product bias, but also traditional substitution bias (since the mix of products and models shifts
faster in the aternative source than the CPl), outlet substitution bias (since alternative price
guotes are often an average of market prices which adjusts for the changing mix of discount
stores), and formula bias (since the alternative indexes are free from the formula bias problems

discussed previously).®

= Consumer Reports since 1959 has based its quotation for the average
price of aparticular model on an average of prices obtained in a market
survey, typically of 15-20 price quotations obtained across the country.
Thus a shift to discount stores would show up in the Consumer Reports
price quotations and account for part of the difference between Gordon's
indexes and the CPI index for the same category.

= As afurther example of the difficulty of disentangling quality change
from other sources of bias, one important fact to be assessed is the
relatively large recent difference between the growth rates of the CPI and
deflator for Personal Consumption Expenditures (hereafter PCE deflator).

The PCE deflator is part of the National Income and Product Accounts, which isthe responsibility of the Bureau of
Economic Analysis, adivision of the Department of Commerce. Over the 12 months ending in August, 1996, the CPI
rose at 2.9 percent per year, while in the four quarters ending in 1996: Q3, the implicit PCE deflator rose at 2.0 percent

per year. An aternative PCE deflator excluding expenditures on personal computers and medical careincreased at 2.7
percent per year, suggesting that much of the difference between the PCE deflator and CPI over this period may involve



Conceptual Issues

The difficulty created by quality change in existing products, and by the introduction of
new products, is highlighted by returning to the definition of a cost of living index: acomparison
in two time periods of the minimum expenditure required to achieve the same level of well-being.
What does the "same level" mean when the models of a given product available in the second time
period embody different quality attributes than in the first time period? And, an even more
profound difficulty, what does the "same level” mean when entirely new products are introduced
that were unavailable in the first time period?

A pervasive phenomenon called the "product cycle" is critical in assessing the issue of new
product biasin the CPI and applies as well to new models of existing products. A typical new
product is introduced at arelatively high price with sales at alow volume. Soon improvementsin
manufacturing techniques and increasing sales allow prices to be reduced and quality to be
improved. For instance, the VCR was introduced in the late 1970s at a price of $1,000 with
clumsy electromechanical controls; by the mid 1980s the price had fallen to $200 and controls
were electronic, with extensive preprogramming capabilities. Later on in the product cycle, the
product will mature and eventually will increase in price more rapidly than the average product of

itsclass. The sequence is easily visualized as a"U"-shaped curve -- the price of any given product

their differing treatments of computers and medical care. This calculation was made by Bob Arnold of the CBO by
subtracting nominal and real expenditures on medical care and consumer purchases of computers from total personal
consumption expenditures. But that is not just an issue of differing trestment of quality change, but also substitution bias,
since consumer expenditures on both personal computers and medical care have increased greatly since the 1982-84
base year of the CPI.



relative to the consumer market basket starts high, then goes down, isflat for awhile, and then
goes back up. To the extent that the CPI overweights mature products and underweights new
products, it will tend to have an upward bias. Some recent academic research, notably Berndt,
Griliches, and Rosett (1993) and Berndt, Cockburn, and Griliches (1996), computes alternative
price indexes with the mix of prescription drugs actually sold and the limited and older sample
contained in the CPI, and this research attributes a significant upward bias to the CPI on the
grounds of its lateness in introducing the mix of models and varieties actually sold. Another
recent study, Dulberger (1993) demonstrated the upward bias in price indexes produced as a
result of delayed introduction of new products, and further showed that the magnitude of the bias
increased with the length of the delay.®

An important criterion for the assessment of quality change and new product bias is the
evolution of market shares for particular models and products. When anew model is introduced
that is more expensive than an old model, but it gains market share, we can conclude that it was
superior in quality to the old model by more than the differential in price between the two.

The same criterion helps us deal with outlet substitution bias. When consumers shift from
traditional supermarkets to new, more expensive specialized food markets offering an improved
selection or variety of produce, we can deduce that consumers are better off. The fact that Wal-

Mart both charges lower prices and has become by far the largest retail chain over the past 15

* Dulberger studied el ectronic components which are inputs to many consumer electronics productsincluding
personal computers, automobiles and home security systems.



years indicates that consumers do not consider the lower Wal-Mart prices to be offset by inferior
service, asimplicitly assumed by the CPI, but rather that consumers view Wal-Mart to offer a
superior combination of prices and service to the previoudly available mix of outlets. The fact that
convenience stores like 7-11 both charge higher prices and have gained market share indicates
that consumers view convenience stores as providing a value of extra convenience that is worth
more than the extra price that they charge. Many consumers shop at both Wal-Mart and
convenience stores, paying both lower and higher prices on particular items than with the previous
mix of stores, and the shift in market share suggests that the new mix is an improvement. The
same evaluation can be made of restaurants, where consumers have shifted toward low-priced fast
food outlets like McDona ds, medium-priced franchises like Olive Garden and Red Lobster, and in
some urban areas, sophisticated high-priced restaurants specializing in Tuscan, Thai, and other
ethnic food speciaties. Animportant strand of academic research on such diverse products as
medical imaging devices (Tragtenberg, 1990) and breakfast cereal (Hausman, 1996) attributes
substantial value to increasesin product variety. Thus, the "value of variety" iscriticaly

important in our assessment both of outlet substitution bias and, in this section, of quality change

and new product bias.



BLS Methodology

Our discussion of quality change and new product bias begins with areview of the
methods used by the CPI to handle quality changes in existing products and then turns to
problems posed by new products. The BLS has five different methods to cope with a model
change for an existing product.

 The "direct comparison” method treats all of the observed price change between the old
model and the new model as a change in price and none as a change in quality. Thereisno
necessary hias, because quality can decrease as well asincrease. But in practice most goods tend
to undergo steady improvement, and often a better model is introduced with no change in price,
causing the quality change to be missed entirely.

» The "deletion” method makes no comparison at al between the prices of the old and new
model. Instead, the weight attributable to this product is applied to the average price change of
other products in the same commodity classification. To the extent that the deletion method is
used, the CPI consists disproportionately of commodities of constant quality which may be further
along in the product cycle.

» The"linking" method can be used if the new and old model are sold simultaneoudly. In
this case the price differential between the two models at the time of introduction of the new
model can be used as an estimate of the value of the quality differential between the two models.
Asindicated above, this can lead to an understatement of quality change if the new model gains

market share. Also, aquality improvement in the new model can occur even if it costs less or the



same as the old model, asin the case of the VCR where the price fell continuously while
programming capability and reproduction quality improved.

» The "cost estimation” method attempts to establish the cost of the extra attributes of the
new model. Problemsin practice with the costing method have been its infrequency of use, and
the fact that it has been applied disproportionately in the case of automobiles relative to other
products. Thisraises the possibility that there is a spurious upward "drift" in the relative price of
other products relative to automobiles due to an uneven application of the costing method. An
emerging source of upward biasis that products like automobiles are benefitting from the
improved quality of materials like steel (which does not rust asit once did) and tires (which last
many more miles). To the extent that some of these inputs to the auto production process are
experiencing quality improvements of their own in excess of differencesin cost, these will not be
picked up by the BLS cost-based quality estimation procedure.

* Thusfar, the CPI hasintroduced only in its apparel category an aternative methodol ogy

called the "hedonic regression method" for estimating the value of quality change.®® The hedonic
approach can be viewed as an aternative method to manufacturers cost estimates in making
quality change adjustments. It assumes that the price of a product observed at agiventimeisa
function of its quality characteristics, and it estimates the imputed prices of such characteristics by

regressing the prices of different models of the product on their differing embodied quantities of

“> Dulberger compared the rates of change in price indexes constructed from the same sample, using hedonic
techniques and conventional linking. Her results, for the period 1972-1984 showed an average annual price decline for
computing equipment that was 9 percentage points lower using the hedonic approach.



characteristics. Thus the hedonic approach is less a new method than an alternative to cost
estimates to be used when practical factors make it more suitable than the conventional method.

By their very nature hedonic indexes require large amounts of data. Given the thousands
of separate products that are produced in any modern industrial society, the need to collect afull
cross-section of data on each product presents a substantial obstacle to the full-blown adoption of
the hedonic technique. But in many cases the data already collected by CPI field agents can be
used for hedonic regression analysis; thisis aready done in the case of apparel.

Another possible objection isthat it isimpossible to construct a hedonic index in the timely
fashion required by the CPI, with its orientation to producing within a few weeks an estimate of
month-to-month price changes that can never be revised. But thisignores the fact that
coefficients can be estimated on the basis of historical data, and these previoudy estimated
coefficients can be used to evaluate quality change when a new model isintroduced. This
approach would be particularly suitable for product categories subject to arapid succession of
new model introductions, notably TV sets and personal computers.

Thislist of BLS methods reveals at least four potential sources of upward bias: the use of
the direct comparison method that does not address the quality issue at al, the use of the deletion
method that bases price change on models that are unchanged in quality and may be further along
in the product cycle, the use of the linking method when quality improvements are greater than
the price differential across models, and the use of the cost method which may miss quality
improvements achieved by those firms which supply better materials and inputs to producers of

final goods.



A potentially greater difficulty is that the CPI makes no attempt to create systematic
estimates of the value of quality improvements which increase consumer welfare without raising
the price of products. For instance, many consumer electronic products and household appliances
have experienced areduction in the incidence of repairs and in eectricity use, and few if any of
these improvements have been taken into account by the CPI. The increased longevity of

automobiles (cited below), appliances, and other products introduces a similar source of bias.

New Product Bias

We turn now to the issue of new product bias. There is no debate regarding the reality of
the product cycle, and nobody debates the fact that the CPI introduces many products late, thus
missing much of the price decline that typically happensin the first phase of the product cycle. An
extreme example involves room air conditioners, which were widely sold in 1951, but not
introduced into the CPI until 1964, 13 years later. More recently, the microwave oven was
introduced into the CPI in 1978 and the VCR and personal computer in 1987, years after they
were first sold in the marketplace. As an even more contemporaneous example, there are
currently 36 million cellular phonesin use in the United States, but as yet the CPI has no price
index for cellular phones. Thus none of the benefit to consumers of being able to keep track more
easly of children, spouses, or of aged parents has yet received any credit in our national measures

of inflation, real output, or productivity. Even more recently, there are more than 40 million



cellular phone subscribersin the U.S,, but the cellular phone has yet to be introduced into the
CPI.%

A second aspect of new product bias results from a narrow definition of a commodity.
When a new product is finally introduced into the CPI, no comparison is made of the price and
quality of the new product with the price and quality of an old product that performed the same
function. For instance, people flock to rent videos, but the declining price of seeing a movie at
home, as compared to going out to a theater, is not taken into account in the CPI. Similarly, the
CPI missed the replacement of electric typewriters by electronic typewriters and then PCswith
word-processing and spell-checking capability, or CD-ROM encyclopedias that cost far less than
old-fashioned bound-book versions and eliminate many tripsto the library. Inevitably, however,
many new products embody genuinely new characteristics that have no previous counterpart.
Electronic mail that provides a new set of bonds and communication between parents and their
children who are off at college and cellular telephones that make possible virtually continuous
contact with asick child or aged parent are but two examples.

This discussion of new products leads inevitably to degper questions about changesin the
standard of living of the average American. Positive changes made possible by consumer
electronics need to be weighed against increasing crime, pollution, and other “bads.” We return

to these issues in Section VII below.

“ The number of cellular phone subscribers is taken from Business Week, December 2, 1996, p. 104.



Quality Change and New Product Bias by Product Category

Because quality change bias differsin magnitude, direction, and timing across product
categories, the only way to narrow the range of uncertainty of the magnitude of quality change
bias is to examine the available evidence, category by category. Table 2 is designed to provide a
guide to this assessment. The left-hand column lists each major product category within the CPI
next to its "relative importance”, i.e., percentage weight, in December, 1995. In this section we
review the available evidence on bias related to quality change and new products, by category.

In some categories there islittle if any published evidence that allows usto reach a
determination. However, we do not follow previous research by assuming that in these categories
the overall bias due to quality change and new productsis necessarily zero. Instead, we discuss
the likely direction of biasin the context of the definition of a cost of living index: a comparison
in two time periods of the minimum expenditure required to achieve the same level of well-being.

1. Food and beverages. The most dramatic evidence of upward bias in the food and
beverages category was produced by Reinsdorf (1993), who found during the 1980-90 period an
annual rate of change of average price paid for 50 narrowly defined commaodities that was fully
2.0 percent per annum slower than the CPI for the same product categories. While Reinsdorf
thought at the time that this difference reflected outlet substitution bias, in fact he later concluded
that the difference represented a mix of formula bias and outlet substitution bias. Whatever the
interpretation of Reinsdorf's study, it does not represent evidence on quality change, since his

commodities were chosen to be identical to those priced in the CPI.



Besides his study, thereislittle if any published evidence on the food category, other than
Hausman's (1996) attempt to establish the value for the introduction of a new variety of breakfast
cereal. Perhaps more important than new varieties of packaged goods has been a wave of
technological improvements that has greatly increased the variety of fresh fruits and vegetables
available in the typical supermarket during the winter months, and a trend toward more services
provided in supermarkets, eliminating the need to travel to small speciaty shops, especially fresh
fish markets and deli counters preparing fresh-cooked food. How much would a consumer pay to
have the privilege of choosing from the variety of items available in today's supermarket instead of
being constrained to the much more limited variety available 30 years ago? A conservative
estimate of the value of extra variety and convenience might be 10 percent for food consumed at
home other than produce, 20 percent for produce where the increased variety in winter (aswell as
summer farmers markets) has been so notable, and 5 percent for alcoholic beverages where
imported beer, microbreweries, and a greatly improved distribution of imported wines from all
over the world have improved the standard of living. Increased variety and convenience in food
away from home, in every price category from McDonalds to luxury restaurants (as discussed
above), can aso be credited with a 10 percent premium. The annual rates of biasin Table 2 are
calculated by converting these assumed premiato annual geometric growth rates over the past 30
years.

2. Housing. By far the largest single weight in the CPI is given to housing component,
and within that to shelter. The shelter component shifted to arental equivalence approach in

1983, and the CPI-U-X1 index represents an attempt to provide a consistent treatment of housing



using the rental equivalence concept back to 1967. The annual rate of change of the CPI shelter
index exceeds that of the CPI residential rent index by 2.33 percent per annum from 1967 to
1983, and correspondingly the annual rate of change of the official CPI-U exceeds that of CPI-U-
X1 by 0.52 percent per annum over the same interval.**  The BLS has also shifted methodology
in 1995 to correct formula bias and in 1988 to correct an "aging bias" that resulted from pricing in
successive periods housing units that were becoming progressively older. Randolph (1988)
estimates this pre-1988 aging bias at 0.3 percent per annum, a concept that represents the effect

of depreciation net of any maintenance and renovation expenditures.

= All annual growth rates calculated in this report are logarithmic.



First, we register our skepticism that the Randolph aging bias should be considered a bias
initsentirety. Older unitsrent for less than new units for two reasons. First, they may physically
deteriorate by more than is offset by repairs and maintenance. But, second, they may lose value
as newer units come on the market containing amenities such as central air conditioning. Such
economic obsolescence does not represent a decline in the quality of the service provided by the
older apartments, but rather represents the result of the fact that the income elasticity of demand
for shelter amenitiesis positive, and people expect higher quality in apartments and houses as the
nation's per capitaincome increases. An exact analogy is the introduction of the jet plane,
discussed in detail by Gordon (1990). The quality of the ride on a propellor-driven DC-7 did not
decline when the pure-jet DC-8 was introduced in 1958. Rather, consumers valued the ride on
the jet plane so highly that the demand for flights on the DC-7 vanished. The DC-7 was scrapped
prematurely, within five to ten years after the introduction of the jets. Consumers gained the
entire surplus from the transition from propellor to jet planes for long-distance air travel, and the

declining rents of older apartments represent a less dramatic example of the same phenomenon.
Thus far there has been little investigation into quality change in the apartments included in the

CPI rent survey. The "CPI methods hold most housing quality constant by measuring rent
changes longitudinally for a cross-section of housing units' (Randolph, 1988, p. 359). That is,
rent changes on a given unit are followed through time, and alternative units are rotated in, with
the overlap handled by deletion. If there is ageneral tendency for more recently constructed units
to have more and better appliances, central air conditioning, and other amenities that were not

present in previous decades, there is the possibility of an upward biasin the CPI rental index if



consumers value these amenities at more than their extra cost. The continuous movement of
households to newer apartment complexes in suburbs and in the Sunbelt may be part of a process
by which housing quality steadily improves. The "market share" test suggests that many
households prefer new sunbelt apartments to older types of apartment in central citiesin the north
central and northeastern states.

The U. S. Census Current Housing Reports report median monthly rent of all rental
occupied units. The ratio for 1993 to 1976 is 2.92 ($487/$167). The CPI rental index ratio (not
adjusted for formula or aging bias) for the same yearsis 2.46. Theimplied annual difference in
growth rates for the CPI is-1.00 percent per year. An alternative comparison for 1973-88 yields

adifference of -1.10 percent per year.”®

= Brown's (1994) compilation of annual rent paid by aworking class
household yields $5160 for 1988 (Table 7.8a) and $1803 for 1973 (Table
6.8d), for aratio of 2.86. Theratio of the CPI unadjusted rent index for
the two yearsis 2.43.



While only limited data are available on the quality of rental units, there is evidence that
rental units have improved in quality at approximately the pace of owner-occupied units, for
which more data are available. Two key measures have persuaded us of the comparability of
rental and owner units (the CPI uses rent indexes for both the rental and owner-occupied
segments of housing, so these findings support the CPI choice). First, between 1970 and 1993
the mean number of rooms increased by 9.7 percent in al occupied units (of which about 1/3 were
rental units), while the mean number of roomsin rental unitsincreased by asimilar 7.8 percent.
Perhaps more important, the number of rooms per person increased by 30.2 percent in al units

and 27.0 percent for rental units.* This set of comparisons supports the view that quality has

« All citations regarding housing quality in this section refer to the U. S.
Census of Housing, 1970 and the U. S. Census Bureau, American
Housing Survey, 1993.



improved at approximately the same rate in rental and owner-occupied units, and that we can use
some of the available data on the totality of occupied units to reach a judgment on the extent of
quality change.

While the best data are available for newly constructed units, some important data are
available for the entire stock of existing units. For the entire stock of existing rental units alone,
the mean number of bathrooms increased by 23.3 percent between 1970 and 1993. And for the
entire stock of al units, the fraction containing central air conditioning increased from 10.8 to
41.7 percent.

Further indication of the change in quality standards is indicated by changing
characteristics of new single-family houses completed in 1993 compared to 1976. median square
feet increased by 30 percent, bathrooms from 2.0 to 2.4, percentage with central air conditioning
from 49 to 78, percentage with one or more fireplaces from 45 to 63, and percentage with a
garage from 72 to 84.%

We have already determined that between 1976 and 1993 the average rent paid in the U.S.
increased 1.0 percent faster than the CPI rent increase. To conclude that the CPI is unbiased, we
would have to determine that the quality of the average rental unit increased by 1.0 percent per
year over that period, or 18 percent over the entire period. From the evidence we have examined,

we believe that 20 percent is alow-end estimate of the increase in the average size of apartments,

s Data from Statistical Abstract of the United States. 1978 issue,
Tables 1371 and 1373. 1995 issue, Tables 1214 and 1230.



which would support the conclusion that the average rent per square foot has increased no faster
than the CPI. But aso, we find convincing evidence that the average quality of apartments per
square foot hasincreased aswell. The transition to central air conditioning proceeded at arapid
rate during the past two decades. Other amenities were added which increased the average
quality of apartments, particularly swimming pools, health clubs, on-site free parking, and climate
(since the mix of apartments shifted toward southern climates which reduced the impact of winter
weather on tenants, particularly older tenants).

For the period since 1970 we find it plausible that the CPI accurately measures rent per
sguare foot of apartment space, but its measure of shelter rent is upward biased by neglecting the
increase in the quality of apartments per square foot. It isentirely natura that an increase in per-
capita income would spill over into increased quality of housing, because there is no reason why
housing size and quality should have an income elaticity of zero. The improved quality of
appliances documented by Gordon (1990) applies to the shelter sector, since most apartments are
now provided with relatively recent refrigerators, stoves or oven/cooktop combinations,
dishwashers, and garbage disposals. The rental equivalent of these appliances must be substantial
and they have been included in both new and older apartments mainly since 1955-60. A
conservative estimate is that the total increase in apartment quality per square foot, including the
rental value of all appliances, central air conditioning, and improved bathroom plumbing, and
other amenities, amounts to 10 percent over the past 40 years, or 0.25 percent ayear.
Accordingly, Table 2 records an upward bias in the CPI of 0.25 percent per year for the shelter

component, and this well may be an understatement.



For years before 1973, there is some evidence that the CPI rent index may be biased
downward by more than can be explained by changesin quality. For instance, average annua
rental expenditures for working class families in the CES increased from $444 in 1950 to $1803 in
1973, aratio of 4.06, while the equivaent ratio for the unadjusted CPI rent index isonly 1.93.
Thistrandates into a Slower annual growth rate of the CPI of -3.24 percent per year. The same
comparison for 1918 to 1950 yields an annual difference of -2.82 percent per year.*® Without a
measure of annual quality change per year, we cannot make a judgement on the magnitude of the
bias, but the possibility that the CPI rental index incorporates a substantial downward bias prior to
1973 may help to explain the "Nordhaus thought experiment problem” identified above, namely
that backward extrapolation of substantial CPI bias for a century or more yields implausibly low
levels of the standard of living during the 19th century. Further judgment on this issue must
await the development of quantitative measures of the change in apartment quality between 1918
and 1973, athough we note that there has obviously been a maor improvement in quality since
1918, when only 36 percent of apartments had bathrooms and only 61 percent had inside water
closets (Brown, 1994, Table 3.6A).

Turning now to other components of housing expenditure, there is no reason to suppose
that the CPI has measured the price of fuel or electricity inaccurately, since these commodities are

homogeneous and among the easiest to measure of any goods or services. However, when we

«» The 1918 and 1950 data are for annual rental expenditures of working
class households, from Brown (1994), Tables 3.6A and 5.10.



think of why people prefer to live in the modern age and would (in most cases) not willingly
choose to go back to the conditions of 70 years ago, the change in the nature of household
heating fuel surely enters the calculation. In 1918, 80 percent of American homes were heated
with coa and wood, which had to be stored and carried, and produced afire that had to be
tended, used a stove that had to be cleaned, and smoke that polluted the air.*’ Because the
transition from coal and wood heat to other sources of fuel had been largely completed by the
early 1970s, we do not include this mgjor improvement in the quality of life as a source of recent
biasin the CPI.

The rest of the weight in the CPI on housing is applied to a myriad of expenditures, each
having arelatively small weight, including telephone service, refuse collection, cable TV, curtains,
furniture, bedding, video and audio products, major household appliences, and a large number of
miscellaneous items. Most of the CPI weight on "other utilities” is applied to local and long
distance telephone service and cable television. Even if the CPI correctly tracked the prices of
each of these items, quality change would be missed. There has been continuous improvement in
the quality of telephone service (e.g., reduction of static and improvement in clarity), improved
convenience (credit card pay phones, itemized billing), and a great increase in picture quality and
consumer choice achieved by cable television viewed as a new product. The fact that more than
60 percent of American households are now wired for cable TV, despite substantial monthly

program fees, suggest that the development of cable TV has created a product yielding substantial

+ Brown (1994), p. 63.



consumer surplus. We conservatively estimate the quality bias connected with this category as 10
percent per decade, or 1.00 percent per year.®®

The appliance and radio-TV category has been subject to more extensive research than any
other category of consumer spending. Over the full period 1947-83 Gordon's detailed study
(1990, p. 552), based on model-by-model comparisons from Consumer Reports, found an upward
bias in the PCE deflator (which in turn is based on the CPI) of 3.22 percent per year for
appliances and 5.94 percent for radio-TV. For the 1973-83 subperiod, the respective rates are
2.83 percent and 4.69 percent. These rates are applied in the CPI to aremarkably small fraction
of consumption, just 0.8 percent according to Table2. Consumer electronics alone, i.e.,
excluding e ectric appliances, recorded annual factory sales (i.e., net of retail markups) of $55.9
billion in 1994, which amounted to 1.25 percent of nominal personal consumption expenditures.*
The 1995 share in PCE of fina salesto consumers of audio and video equipment, including TV
sets and VCRs, was also 1.25 percent, appliances contributed an additional 0.55 percent and
personal computers an additional 0.33 percent, for atotal weight in PCE of 2.13 percent, well

over double the weight of the same products in the CPI.*

« This estimate of 1.0 percent per year multiplies an estimate of 1.5
percent per year for telephone service by its weight in this category of
roughly two-thirds.

» The U. S. Consumer Electronics Industry In Review 1995, Electronic
Industries Association, p. 13.

= Data provided by the BEA. Audio-video equipment includes VCRS,



This small dlice of personal consumption is the source of the largest annual rate of bias,
with the possible exception of medical care. Our overall estimate of bias, based on Gordon's
research, incorporates both quality-change bias and also new product bias, since his estimates of
the overall bias take account of the fact that the quality-adjusted price of the VCR was declining
at 30-40 percent per year in the early 1980s, prior to the introduction of this product into the CPI
in 1987. Similarly, in recent years the price of personal computers purchased by consumers has
been declining by at least 25 percent per year, but this has no impact at all, because home
purchase of PCs were negligible in the CPI base period of 1982-84.

Our estimate of overall biasin this sector is 3.0 percent for appliances, 4.0 percent for
radio-TV, including VCR's and camcorders, and 15 percent per year for personal computers.®
Applying respective current nominal weights of 0.8 percent for appliances, 1.0 percent for

consumer electronics, and 0.4 percent for personal computers, this category contributes an annual

camcorders, and videotapes but excludes "audio media," i.e., cassettes
and CDs. By 1996:Q3 computers accounted for 0.43 percent of nominal
PCE and 1.34 percent of real PCE in 1992 dollars.

= \While the CPI incorporates a matched-model index that records a
decline in computer prices of 10-20 percent per year, thisis applied to a
negligible weight (based currently on 1982-84 weights) and so has no
practical importance for assessing the magnitude of the quality change
biasin the personal computer category. Berndt, Griliches, and Rappaport
(1995) have estimated an annual difference between "matched model"
indexes for personal computers (of the type used by the CPl) and hedonic
indexes (used by the BEA) of roughly 15 percent per year.



rate of quality change and new product bias of 0.10 percent per year to the total CPl. The figure
entered into Table 2 for this category is a weighted average of the bias estimate, but the bias
figure for the total CPI is based on weights corresponding to current nominal expenditures, not
the CPI weights displayed in Table 2. Also, prior to 1994 the bias figure is based only on
appliances and radio-TV, since persona computers did not emerge as a significant product until
that date.

Regarding housefurnishings other than appliances and video-audio products, there is no
available research to provide guidance. The available range of furniture, draperies, etc., allows
consumers to substitute among products, fabrics, and outlets along dimensions that are not
captured by the CPI. There have been many new products in this area, including furniture and
fabrics that are much less susceptible to damage by stains and childrens' accidents than was
previously possible. This category also includes soap and cleaning products, where substantial
progress has been made. We view abias rate of 0.33 percent per year, or 10 percent over the
past 30 years, as conservative.

3. Apparel. Itis often assumed that there has been no quality change in apparel. But
new apparel products are constantly introduced that improve consumer welfare, including denim
jeans and shorts, advanced varieties of running shoes, iron-free synthetic fabrics, and lightweight
but water-resistant raingear. Despite this, apparel is the other mgjor area where the CPI is
thought to have incorporated a downward bias. One source of downward bias occurred when the
CPI price quotations followed the decline in price of an old model placed on sale, and then (using

the deletion technique) made the transition to a new model without accurately recording the



corresponding increase in price. Reformsin the CPI in the mid-to-late 1980s eliminated this
source of downward bias and shifted to the hedonic price technique for some quality adjustments
within the apparel component.>

The CPI appardl index isrelatively easy to assess by accumulating outside evidence from
such sources as mail-order catalogues. While style changes in fashion goods are frequent, quality
changesin utilitarian apparel products purchased by average urban consumers are sufficiently
infrequent to allow careful price comparisons across identical models from mail-order catalogues.
By limiting itself to a month-to-month measurement framework, without cross-checks based on
yearly or decadal comparisons, the CPI is vulnerable to persistent drift that emerges from
measurement flaws such as the treatment of products on sale, as discussed above.

In anew project Gordon (1996) has compiled an apparel price index from the Sears
catalogue based on thousands of year-by-year comparisons of identical apparel items over the
intervals 1965-93.® Theratio of the CPI relative to the Sears apparel index rose at an annual rate
of +1.92 percent per year during 1985-93.% The rapid rate of increase of the CPI apparel index

after 1985 relative to Searsis surprising, because Sears in those years was losing market share to

= Recent changes in the CPI treatment of apparel are discussed in Liegey
(1990, 1994).

= A total of 1,769 matched price comparisons were made for 1914-47
and 4,640 for 1965-93.

= Recall that the CPI treatment of apparel changed in 1985.



Wal-Mart and other discounters. Thus thereis reason to think that the Sears catalog index might
overstate the increase in true apparel prices faced by the average American consumer.
Nevertheless, we shall take the conservative approach of cutting the implied bias rate from +1.92
percent suggested by the Sears index to a smaller 1.0 percent bias rate.

4. Transportation. The transportation component of the CPI consists of awide variety
of heterogeneous goods, including new vehicles, used vehicles, motor fuel, vehicle repairs, auto
insurance and registration, and public transportation, mainly airline fares.

The most important questions to be addressed in the transportation sector are the
valuation of mandated safety and anti-pollution devices, and the treatment of used cars relative to
new cars. As documented by Gordon (1990, p. 364) for the period 1947-83, the actua price of
new cars increased much faster than the CPI for new cars, and after 1967 almost none of this
relative increase could be explained by increases in the dimensions included in the traditional
hedonic regression equations for new cars. The key ratios of 1983 to 1967 prices were that actual
prices had increased by aratio of 289.9, the CPI for autos had increased by aratio of 202.6, and
that the difference had been more than explained by the contribution of CPI adjustments for safety
and environmental quality and Gordon's adjustment's for fuel economy.> The resulting upward

bias in the CPI relative to Gordon's final auto index is 0.44 per year from 1967 to 1983.

= The 1967-83 annual rates of growth were for the "raw" price of new
cars 6.65 percent, the safety-pollution adjustment -2.03 percent, the fuel
economy adjustment -1.10 percent (totalling 3.52 percent), and the new
car CPI 4.42 percent.



However, Gordon accepted the CPI's treatment of anti-pollution devices as a quality
improvement rather than a price increase. We are persuaded that mandated anti-pollution devices
are analogous to an indirect tax. Gasoline taxes may be used to provide a benefit in the form of
better highways, but atax increase is treated correctly by the CPl as an increase in the cost of
living. Anti-pollution devices provide a benefit in the form of cleaner air, but by analogy to taxes
should be treated as an increase in the price of the car. Using the detailed information given by
Gordon, we can calculate an alternative to hisindex that converts the CPI adjustment for anti-
pollution devices from a quality change to a price change, and this results in the finding that the
CPI for new cars was downward biased during 1947-83 by 0.94 percent per year. We do not
make a similar adjustment for the value of quality change taking the form of safety devices such as
seat belts and crash-resistant bumpers, since our feeling is that consumers see the connection
between their own safety and the devices more directly than they do between anti-pollution
devices and air quality. Subsequently we will adjust the 0.94 percent downward bias for an
offsetting increase in automobile durability.

What has happened since 1983, the terminal year of Gordon's study? Berry, Kortum, and
Pakes (1996) show that emission control standards for automobiles became markedly tighter in
two stages, 1975 and 1979-81, but did not change thereafter through the conclusion of their study
in 1990. They aso develop afuel efficiency index that adjusts for changes in the horsepower and
weight of cars; thisrises by 67 percent between 1972 and 1983 and then drifts down by 13
percent by 1990. An alternative study of fuel economy (Sykuta, 1996) extends the data to 1994

and concludes that "new car fud efficiency reached a plateau by 1986 and has not since changed



by more than 1 percent in any direction” (p. 12). He attributes the absence of a declinein fuel
economy in response to lower fuel prices to the high cost of "switching back to older, less
efficient designs and technologies." Thus it appears that neither changes in anti-pollution
equipment nor in fuel economy have been important potential factorsin creating abiasin the new
car CPI since the mid-1980s.

However, neither Gordon's study nor the CPI have taken into account the increased
service lifetime of the typical new car. The average age of automobilesin use increased at an
annual rate of 2.1 percent per year during 1970-83, part of the period covered by the Gordon
study, and at 1.3 percent per year during 1983-93.* The CPI should be pricing automobiles on a
rental equivaent basis, paralel to their treatment of housing. If the useful life of a car isimproved
by technological change that raises quality, reduces maintenance requirements, and minimizes
rusting and corrosion, then consumers benefit. The cumulative increase in the useful life of acar
from 1970 to 1993 amounted to 48 percent. Consider an automobile costing $10,000 with alife
of 10.0 years; thisis equivaent to an annual cost of $1,000 per year. Now consider the same car
with alife extended by 48 percent to 14.8 years, its annual cost has been correspondingly reduced

to $676.

= The growth rates for trucks are similar. Datafor 1970 and 1983 come
from Statistical Abstract, 1990, Table 1027, and for 1993 from Statistical
Abstract, 1995, Table 1025.



The reduction in automobile depreciation is only part of the user cost of owning a car.
Many of the additional elements of cost, e.g., insurance and repairs, are priced separately by the
CPI in the major category "Other Private Transportation,” where we impute no bias a al. The
remaining component of user cost, in addition to depreciation, isrea interest expense. Balancing
aternative methods of paying for cars, including cash, installment finance, and leasing, we think
that 10 percent is a reasonabl e estimate of the real interest cost. The extension of automobile
longevity has reduced user cost from roughly 20 percent per year (consisting of a 10 percent real
interest cost plus 10 percent depreciation rate) to 16.7 percent (the same real interest cost plus a
6.7 percent depreciation rate), for an overall reduction in user cost of 16.7 percent, or a geometric
rate of -0.79 percent per year over the period 1970-93.

Since the rate of increase of average age slowed after 1983, we distribute this effect
accordingly, as contributing to an upward biasin the CPI at arate of 0.95 percent per year during
1970-83 and 0.59 percent per year after 1983. For the 1970-83 period, we add the upward bias
in the true price of cars due to increasing durability of 0.95 percent per year to our previous
estimate of a downward bias of 0.94 percent per year, exactly cancelling out and yielding a net
bias for zero. For the subsequent post-1983 period, we found no other reason to suppose the CPI
is biased in either direction, so the durability adjustment is converted to a net upward bias of 0.59
percent per year.

In assessing these cal culations, we recognize that some fraction of the durability effect
may not represent a pure quality change, but rather may reflect other factors, such as an increased

relative price of cars that induces users to hold onto cars longer, or an improved quality of



highways. This might suggest that our durability adjustment istoo large. However, an offsetting
error may be more important and may represent an important source of quality improvement that
is not taken into account in the CPI or in our adjustments -- namely, the marked decrease in the
incident of defects on both imported and domestic new cars, as measured by the J. D. Power
survey and other evidence. This additional source of quality improvement, which we have not
taken into account, suggests that our estimate of the CPI bias for new cars is probably
conservative.

The CPI index for used cars has long been known to be upward biased, ssimply because no
quality adjustments were applied to this category at all. The upward bias over the period 1967-87
isvery large, amounting to 2.44 percent per year, if we take the difference in the growth rate
between the new car and used car index to represent a measure of the bias.®” Adding this to the
new car upward bias of zero, we arrive at atotal bias for used cars for 1967-87 of 2.44 percent
per year. For the period since 1987 we apply the CPI durability bias to used cars as well.

Regarding other components of the transportation category, we regard motor fuel as
homogeneous and easy to measure. However, numerous improvements in fuels and related
products have contributed both to cleaner air and improvements in autos, such as increased
durability. While the cleaner air is valuable in its own right (see Section VII), we treat the

mandate for cleaner gasolines like an indirect tax, not quality change per se. The improvements to

>" In 1987 the BL S began to adjust for quality changesin used carsin
aparallel manner to its adjustments for new cars.



autos are counted there, but must be understood to result in part from improvements in fuels,
[ubricants, etc. The CPI treats full-service and self-service fuel as two different commaodities, as
in the case of full-service department stores and no-frills discount stores. The shift in market
share from full-service to self-service motor fuel provides evidence of atype of outlet substitution
bias, which we do not count here as quality change bias. For the past decade, when the transition
to self-service was largely complete, we attribute a small upward bias of 0.25 percent per year to
the CPI for ignoring the increased convenience and time-saving contribution of automatic credit-
card readers built into gasoline pumps.®

"Other private transportation” expenditures, an important CPI category, consist primarily
of automobile maintenance and repair and automobile insurance. We are not aware of any
evidence of price index biasinvolving these areas and thus assign a zero bias. However, in the
public transportation category, which is dominated by airline travel, it is well documented that
prior to 1982 the CPI incorporated a substantial upward bias due to afailure to take discount
faresinto account. We take our estimate of this bias from Baily-Gordon (1988, p. 416) and
multiply it by the weight (about 2/3) of airline fares in the public transportation category.

5. Medical Care. The medical care category may be the location of substantial quality

change bias a arate as rapid or more rapid than in appliances and radio-TV products, but its

> The 1982 Census of Retailing reports that the number of gas pumps
in the United States declined 28 percent between 1972 and 1982, and that
the fraction of self-service pumps (which was not reported in 1972) had
reached 54 percent by 1982.



weight in the CPI is much greater. That weight is controversial in itself, since the 7.4 percent
weight is based only on out-of-pocket expenses by consumers and does not include expenses paid
for medicare, medicaid, or by employer-financed payroll deductions. Since one of the main uses
of the CPI isto convert indexes of real income, compensation, and wages into "rea terms,” the
current weight iswrong. Changesin medical care prices or technology should influence the CPI
with the same weights that are relevant for total income and compensation, that is, they should
include the total medical care bill, which in National Income and Product Accounts version of
consumption amounts to 16 percent, not the much smaller 7.3 percent weight in the CPI.

The CPI weight of 7.4 percent is applied to three primary categories -- drugs, professional
medical services (i.e., doctors and nurses), and hospitals. There has been substantial recent
research on prescription drugs. For instance, Berndt, Cockburn, and Griliches (1996) have
studied prices of anti-depressant drugs. They find a substantial difference between an index based
on BL S methods, which rises during 1993-96 at 4.6 percent per annum, and an alternative index
based on their preferred methodology which rises at 1.1 percent per year. This alternative index
uses an dternative (Divisia) weighting scheme, introduces new items much more promptly, and
treats generic drugs as fully equivalent to proprietary brand-name drugs. In July, 1995, the CPI
shifted its treatment of generics, so that any decline in price when generic equivaent drugs
become available is taken fully into account as a price change rather than being treated as a
different good and hence "linked out" of theindex. Based on the Berndt et. al. research, and
related research by Griliches and Cockburn (1994), we conclude that prior to 1995 there was a

3.0 percent annual biasin the CPI for prescription pharmaceuticals. The new CPI treatment of



generic drugs after July 1995 reduces this annual rate of bias from 3.0 to 2.0 percent, and the
remaining bias can be attributed (based on the previoudly cited research) to the late introduction
of particular drugs into the CPI and the failure to attribute a positive value to newly introduced
drugs that gain market share and thus appear to add value for consumers.

The mgor weight of the CPI medical care component is applied to medical care services,
e.g., physician fees, and hospital costs. No attempt is made in the CPI to value hedth care
"outcomes" as contrasted to "inputs’. A hybrid approach is taken by the Producer Price Index
(PPI), which aso prices inputs but with different weights and increases by roughly 2.0 percent per
year more slowly than the CPI in both the doctor and hospital category in the recent past (1995-
96). Thus government indexes aready provide important evidence that the CPI is upward biased
by at least two percent per year, but that ignores many changes in medical care practice and
technology that suggest a higher rate of bias. Cutler et. al. (1996, Table 1) contrast input price
indexes for the cost of heart-attack treatment with alternative "outcome " indexes that take
account of the cost of achieving a given increase in life expectancy. The authors contrast an
"input" index of the type currently compiled by the CPI, which rises by 3.3 percent per year over
1983-94, with a final outcomes index that takes into account a conservative valuation for the
extension of life expectancy attributable to new heart attack treatments and declines by 1.1
percent ayear, for anet bias of 4.4 percent per year. Shapiro and Wilcox study cataract surgery
for the period 1969 and 1993. Their "protypical” index that duplicates CPl methods increases by
afactor of 9 while their preferred aternative index increases by afactor of 3, implying an annual

rate of upward bias of 4.57 percent. The closenessin the Cutler et. al. and Shapiro-Wilcox



studies of quite different medical proceduresis striking. In view of the fact that the CPI has been
rising relative to the PPl for medical care (taking the input rather than the outcomes approach) by
2 percent per year in 1995-96, the rate of upward bias that we have assigned to the medical care
category, 3.0 percent per year, is probably conservative. Thereis probably additiona quality
change taking into account the wide variety of new diagnostic and test equipment, the reduction
of pain of routine procedures, the shortening of hospital stays, and also the quality of hospital
rooms.

This new research by Cutler and others opens up the potential for amajor improvement in
our understanding of the economics of medical care. This category should receive a substantial
component of the CPI's future research investment, and we strongly endorse a move in the CPI
away from the pricing of heath care inputs to an attempt to price medical care outcomes.*

6. Entertainment. The entertainment category is divided roughly equally between
commodities and services. Commodities consist of newspapers, magazines, sporting equipment,
and toys. We assume that there is no bias in newspapers and magazines (although electronic news
services provide convenience and timeliness to some) but that sporting equipment and toys are
subject to a somewhat smaller bias than Gordon found for appliances, namely 2.0 percent per year
as contrasted to 3.0 percent for appliances. This may represent an average of the rate of biasin

electronic toys, e.g., Nintendo games, which may be close to the 15 percent rate we have applied

® TheBLSismoving to price and reprice a hospital bill every month, a potential improvement, although not something
which per se gets at quality change.



to personal computers, and a bias rate of zero for other toys, including stuffed animals and non-
electronic board games. Entertainment services consist of club memberships, admission fees, and
lesson fees. There has undoubtedly been an improvement in the comfort of attending sports
events, with domed stadiums and more comfortable seats, but we have not assigned any bias to
the CPI measure of entertainment services prices.

7. Other Goods and Services. While purchases of such products as cigarettes, toiletries,
and cosmetics may have been subject to outlet substitution bias, there is no reason to think that
quality change has been missed or that new product bias has been important. However, this
category includes a small weight for small personal care appliances, e.g., hair dryers, and it is
reasonable to suppose that these items are subject to the same magnitude of bias as large
appliances, i.e., 3.0 percent per year. Much of the rest of the weight in the "other" category
consists of school books and fees, primarily college tuition. However, about one-tenth of the
weight in this category consists of personal financia services, which have been subject to rapid
technological change, particularly with the widespread diffusion of ATM machines and all-in-one
cash-management accounts. Taking a conservative 2.0 percent estimate of personal financia

services and applying that to one-tenth of this category yields our 0.2 percent annual rate of bias.

Conclusion on Quality Change Bias
Our final estimate of quality change bias, taking the weights and bias ratesin Table 2,
aggregates to approximately 0.6 percent per year. Thisis dightly higher than the rate of 0.5

percent per year for the combined categories of quality change and new product bias estimated in



our interim report or 0.35 percent in Shapiro and Wilcox (1996c¢). Our higher estimate results
from a much more extensive examination of the existing literature and consideration of factors
that affect each of the 27 separate categoriesincluded in Table 2.

TABLE 2

RELATIVE IMPORTANCE OF COMPONENTS IN THE CPI-U, U. S. CITY AVERAGE,
DECEMBER, 1995, AND ESTIMATES OF QUALITY CHANGE AND NEW PRODUCT BIAS
FOR SELECTED TIME INTERVALS

Relative Estimated Quality Change
Major and Selected Minor Importance Bias at annual rate for
Components in Percent Selected Time Intervals
1. Food and beverages 17.332
Food at home other than 8.543 0.30
produce (1967-96)
Fresh fruits and vegetables 1.337 0.60
(1967-96)
Food away from home 5.886 0.30
(1967-96)
Alcoholic beverages 1.566 0.15
(1967-96)
2. Housing 41.346

Shelter 28.289 0.25
(1976-96)
Fuels 3.792 0.00
Other Utilities, incl. telephone 3.222 1.00

Appliancesincl. electronic 0.806 3.6° 5.6°

(1973-94) (1994-96)
Other housefurnishings 2.639 0.30
Housekeeping supplies 1.116 0.00
Housekeeping services 1.482 0.00




3. Apparel and upkeep 5.516 -0.95 1.00
(1965-85) (1985-96)
4. Transportation 16.953
New vehicles 5.027 0.00 0.59
(1970-83) (1983-96)
Used Cars 1.342 2.44 1.59
(1967-87) (1987-96)
Motor Fuel 2.908 0.0° 0.25°
(1974-84) (1984-96)
Other Private Transportation 6.153 0.00
Public Transportation 1.523 2.66 4.60 0.00
(1972-77) (1977-82) | (1982-96)
5. Medica Care 7.362
Prescription drugs 0.891 3.00 2.00
(1970-95) (1995-96)
Nonprescription drugs and 0.391 1.00
medical supplies
Professional medical services 3.465 3.00
Hospital and related services 2.257 3.00
Health insurance 0.358 0.00
6. Entertainment 4.367
Commodities 1.975 2.00
Services 2.392 0.00
7. Other Goods and Services 7.123
Tobacco, smoking products 1.610 0.00
Personal care 1.170 0.90
Personal and educational 4.342 0.20
expenses
TOTAL 100.000 0.612 (for 1996)




Notes: 2 Applied to the weight of this category in 1995 annual nominal personal consumption expenditures, 2.13
percent, as contrasted to the December, 1995 CPI relative importance of 0.8 percent.

®See text.

Has quality change bias increased or decreased? Table 2 provides some insights to that issue.
To take the specific example of 1980, we can aggregate the rates of bias given in Table 2 and
come up with an upward CPI bias due to quality change and new products of 0.488 percent per
year, compared to 0.613 for 1996. The main differences come from the reversal of the previous
downward bias for apparel and the increased upward bias in the appliance/radio/TV component
due to the growing role of personal computers. Partially offsetting these sources of increased
upward bias are reductions in the extent of upward bias in used cars, airline fares, and prescription

drugs.

VI. ESTIMATES OF BIASES BY TYPE AND IN TOTAL

The CPI isnot a cost of living index, but rather afixed weight index, implemented by means
of amodified Laspeyres formula. This creates an immediate conflict between the objectives of the
CPI and many of the purposes for which it isintended. For example, the CPI is used to index
private contracts, tax brackets and government transfer programs, such as Social Security, in
order to compensate beneficiaries for changesin the cost of living. A fixed weight index
exaggerates the effect of price changes on the cost of living, because it fails to alow for
substitutions that enable consumersto avoid the full impact.

The assessment of biasesin the CPI requires a cost of living index as a point of reference. An

approximation to a cost of living index can be generated by combining the results of research on



different types of biasesin the CPI. The purpose of this section is to summarize this research and
assess the importance of these biasesin the CPI. Our estimates depend primarily on studies
produced prior to the convening of our Commission, many of them by the BLS.

Our Interim Report of September 15, 1995, presented initial estimates of biases in the CPI.
We estimated that the overall bias had been 1.5 percentage point per annum in recent years, but
changes in the CPI methodology then in prospect from BLS would eliminate as much as 0.5
percentage point per annum of this bias, reducing the bias going forward to 1.0 percentage point
per annum. We have now revised our estimates to reflect changes in the CPl announced by BLS
on March 29, 1996, and new estimates of the impact of biases due to the introduction of new
products and changes in the quality of existing products. The BLS has eliminated some of this
bias totaling 0.24 percentage point per year, raising our estimate of the bias going forward by
one-quarter of one percentage point. In addition, we have revised our estimates of new
products/quality change bias upward by 0.10 percentage point per year.*

In assessing biasesin the CPI it is essential to separate two types of substitution bias. First,
BL S uses afixed weight index based on the modified Laspeyres formulato combine price indexes
for 207 itemsfor 44 areas into anational CPl. The weights are derived from the Consumer

Expenditure Survey (CES) and reflect surveys of individual households. We refer to the

| n addition to the comprehensive bias estimates presented in our
Interim Report, estimates have been made by Erwin Diewert (1996),
Shapiro and Wilcox (1996), and others. An especidly valuable earlier
survey was presented by Lebow, Roberts, and Stockton (1994).



substitution bias at this level as Upper Level Substitution Bias. This bias is measured as the
difference between the modified Laspeyres formula used by BLS and a Torngvist index, which is
(approximately) free of substitution bias.®® Most estimates cluster around 0.2 to 0.25, including
numerous estimates from BLS. The latest estimates available to the Commission reflecting just
produced unpublished corrections of previous research by BLS show an average bias over the
period 1988-1995 of about 0.15 percentage point per year. While we have not had time to
analyze these new results, to be conservative, we adopt this figure.

The second type of substitution bias results from combining price observations for
approximately 71,000 goods and services and information on prices for housing components of
the CPI into indexes for the 207 items and 44 areas. We refer to the substitution bias at this level
as Lower Level Substitution Bias. The pricesto be collected are selected by probability sampling.
The probabilities are derived from the CES and the Point-of-Purchase Survey (POPS) of retall
establishments and are intended to reflect the share of items and areas in consumer expendituresin
the base period.

Beginning in 1978 BL S introduced a sample rotation procedure in the estimation of price

indexes within each item and area category. At the same time prices were combined in away that

®tAizcorbe and Jackman (1993) have estimated Upper Level
Substitution Bias, but these estimates have been updated and revised by
BLS.



reflected the modified Laspeyres index formula.® These two changes had the effect of
introducing considerable Lower Level Substitution Bias, afact discovered by Reinsdorf (1993)
after alapse of fifteen years.® Thisissue has been intensively studied by BLS and steps have
been taken to deal with it, beginning in January 1995.%

For data from the CPI covering the thirty month period from June 1992 to December 1994,
Moulton and Smedley (1995) have estimated that the difference between the modified Laspeyres
formula used at the lower level of aggregation by BLS and a weighted geometric mean formula
for non-shelter components of the CPI to be 0.49 percentage point per annum. This differenceis
an estimate of the bias of the Laspeyres formula, since Shapiro and Wilcox (1996) have shown
that the geometric mean provides an unbiased estimate of the underlying cost of living index.
Armknecht, Moulton, and Stewart (1995) have estimated the bias for owners equivaent rent to
be 0.50 percentage point per annum.®® BLSis currently testing the feasibility of producing

indexes based on this methodology for price data beginning in 1990. Substitution of the weighted

S2For details, see Gillingham (1974.)

& See Reinsdorf (1993), pp. 227-254.

®The results of BLS research on Lower Level Substitution Bias are
summarized by Moulton (1996).

%See Armknecht, Moulton, and Stewart (1995).



geometric mean formula for the modified Laspeyres formula at the lower level of aggregation is
an important step in the direction of a cost of living index.

In January 1995 the BL S introduced an improved method for the imputation of price changes
for food at home, owners equivalent rent, and prescription drugs. These changes are described
by Armknecht, Moulton, and Stewart (1995). For food at home items the changes included the
introduction of a procedure called "seasoning.” The seasoning period is the time to obtain the
data needed to weight each new sample observation before introducing it into theindex. This
period was lengthened to three months for food at home items, breaking the link between the
weights for these items and prices eventually used in the CPI.

On March 29, 1996, the BL S announced that the seasoning procedure would be extended to
all non-shelter items, effective with the CPI for June 1996.°° The announcement pointed out that
residential rent and owners equivalent rent were no longer subject to the bias associated with
sample rotation procedures, as a consequence of the changes introduced in January 1995. In
addition, the BL S stated that (with rare exceptions) the weight for a substitution item would be
kept constant throughout the life of the item. BLS estimated the reduction in bias due to the
January 1995 changes to be 0.14 percentage point per annum, while the 1996 changes for the
non-shelter items reduced the bias by a further 0.10 percentage point per year. This reduces the
Moulton-Smedley estimate of the remaining Lower Level Substitution Bias to 0.25 percentage

point per annum. On July 16, 1996, BL S introduced changes in the classification and definition of

%See Division of Consumer Prices and Price Indexes (1996b).



the hospital and related services component of the CPI.*” These were intended to improve the
measurement of this important component of the CPI, but were not accompanied by an estimate
of biasreduction. Thus, our point estimate of Lower Level Substitution Biasis 0.25 percentage
point per annum.

The goal of BLS isto measure goods and services of constant quality; however, the
disappearance of products from the marketplace necessitates the substitution of other products.
Armknecht and Weyback (1989) summarized the methods used by BL S to adjust the CPI for
quality change.®® Elimination of new goods bias and quality change bias are essential stepsin
measuring the cost of living. Important empirical research on new goods bias has been done for
breakfast cereals by Hausman (1996), prescription drugs by Griliches and Cockburn (1994), new
cars by Pakes, Berry, and Levinsohn (1993), and many others as described above in Section V.®
We have estimated the total bias due to new products and quality change of existing products to
be 0.6 percentage point per year.

Reinsdorf (1993) has provided the principal empirica evidence on New Outlet Substitution
Bias. Thisisbased on comparisons between prices for certain food and fuel items for outlets

rotating into the sample covered by the CPI and outlets rotating out. He estimated the bias to be

%"See Division of Consumer Prices and Price Indexes (1996a).
%See Armknecht and Weyback (1989).

%9See Hausman(1966), Griliches and Cockburn (1994), and Pakes,
Berry, and Levinsohn (1993).



0.25 percentage point per annum. Lebow, Roberts, and Stockton (1994) have extrapolated this
estimate to the CPl as awhole by identifying components of the index that would be affected by
outlet substitution bias. These amount to 40% of the CPI, so that Outlet Substitution Biasis 0.1
percentage point per annum.

These separate biases are approximately additive and likely to be independent of modest
swingsin the true inflation rate. Thus, abias of 1 percentage point implies that when changesin
the CPI show inflation rising from 3% to 5%, it islikely actually to be rising from 2% to 4%.
Note the bias primarily affects the level, not the change, in the inflation rate. At very high rates of
inflation, the bias may increase (one might assume greater outlet and commaodity substitution), but
we currently have no evidence regarding this issue.

Table 3 summarizes our evaluation of biasesin the CPI. Thisincludes point estimates based
on the best available evidence as well as a plausible range for the overal bias. The average of our
estimates of the overal biasin the CPI is 1.1 percentage point per annum with arange of 0.8 to
1.6 percentage point.

TABLE 3
ESTIMATES OF BIASES IN THE CPI-BASED

MEASURE OF THE COST OF LIVING
(PERCENTAGE POINTS PER ANNUM)

Sources of Bias Estimate
Upper Level Substitution 0.15
Lower Level Substitution 0.25
New Products/Quality Change | 0.60
New Outlets 0.10
Total 1.10




|P|ausib|erange | (0.80-1.60) |

The BLSis preparing for a benchmark revision in January 1998, when the CPI will
incorporate new expenditure weights from the 1993-1995 Consumer Expenditure Surveys.
However, BLS will retain the modified Laspeyres formula, so that our estimates of bias will carry
over to the revised CPI. In addition, BLS has continued to introduce important modificationsin
the CPI in order to improve measurements and remedy deficiencies that have come to light.
However, these revisions, like the forthcoming benchmark revision, employ the modified
Laspeyres framework, so that important differences between the CPI and a cost of living index
will remain.

The Upper Level Subgtitution Bias in the CPI will persist after the forthcoming benchmark
revision of the CPI, since BL S plansto retain the modified Laspeyres formula. Second, BLS has
reduced so-called formula bias, the part of Lower Level Substitution Bias resulting in substantial
measure from the introduction of sample rotation procedures and the modified Laspeyres index at
the Lower Level of aggregation in 1978. However, the objective of the changesin January 1995
and those announced in March 1996 was to improve the implementation of the modified
Laspeyres formula, not to eliminate the Lower Level Substitution Bias quantified by Moulton and
Smedley (1995). Finally, New Item, New Ouitlet, and Quality Change Biases are unaffected by

the changes already announced by BLS or the benchmark revision.”

™ Although the BLSis continuously attempting to improve the price measures, for example moving to price and
reprice hospital hills.



To summarize we have revised the estimates presented in our Interim Report to reflect BLS
revisions of the CPI and the accumulation of new findings on the magnitude of biases. Our man
conclusion is that the limitations imposed by the modified Laspeyres formula make the CPI
unsuitable for cost of living measurement. By combining a Torngvist formula at the Upper Level
of aggregation and a weighted geometric formula at the Lower Level, BLS could eliminate both
types of Substitution Bias. However, these changes alone would fail to encompass adjustments
for New Item, New Ouitlet, and Quality Change Biases. Adjustments for these biases are essential
for measurement of the cost of living.

Figure 2 illustrates the compounding effect of a 1.1 percentage point per annum bias on CBO
projections of the CPI-U through 2006. While 1.1 percentage point may seem to be a small
amount in any given year, cumulatively year after year it adds up to a sizable difference, 14%

over adozen years.

FIGURE 2
EFFECT OF A 1.1 PERCENTAGE POINT UPWARD BIAS IN THE CPI-U THROUGH 2006






VII. Other Issues

A. A Separate Price Index for the Elderly?

In principle, if not practice, a separate cost of living index could be developed for each and
every household based upon their actual consumption basket and prices paid. As noted above,
the aggregate indexes use data reflecting representative consumers. Some have suggested that
different groups in the population are likely to have faster or ower growth in their cost of living
than recorded by changesin the CPI. We find no compelling evidence of this to date, and in fact
two studies suggest that disaggregating by population group, for example by region or by age,
would have little effect on measured changesin the cost of living.”* Further, work on this subject
remains to be done. In particular, the prices actually paid, not just expenditure shares, may
differ.”

Beyond the different consumption baskets, it is important to understand our analyses of the
sources of bias are applied to representative or average consumers. Some consumers will
substitute more than others, and the substitution bias may be larger for some, smaller for others.

Likewise, some are more likely to take advantage of discount outlets; others less so. Perhaps

™ See Boskin and Hurd (1985); Jorgenson and Slesnick (1983). However, very preliminary unpublished work
suggests that for the period 1982-91 the larger fraction of expenditures on out-of-pocket healthcare by the elderly
combined with the more rapid rise in healthcare prices than overall prices for this period might lead to adightly faster
risein apriceindex for the elderly. The rate of healthcare price inflation has slowed substantially of late, so it isunlikely
this result will be reproduced for the mid-1990s. Also, as noted above in Section V, healthcare inflation is seriously
overstated because of the substantial uncounted quality change.

"2 Seniors get special discounts, for example, and their geographic distribution, and other factors might cause the
prices they pay to differ dightly from those recorded in the CPI.



most importantly, the benefits of quality change and the introduction of new products may diffuse
unevenly throughout the population. Some will quickly gain the benefits of cellular telephones,
for example, while others may wait many years or decades or never use them. Thisis yet another

reason why we have been very cautious in our point estimates for these particular sources of bias.
B.  Broader Considerations on the Quality of Life

Not all change is positive and not al change is positive for everyone. 1n making the case
for the importance of quality change, we have also to look at the other side of the ledger. There
are at least three types of change to consider here: 1. New goods may drive out older goods
which are till valued by a subgroup of the population, or what is equivalent, the loss of
economies of scale may drive up their price significantly. To the extent that it is measured, it does
not represent a new problem of the price index construction. 2. An existing good or service may
deteriorate in its quality. That is aless frequent phenomenon, in spite of the mantra that “they
don’'t make them the way they used to.” The most significant recent example is probably the
HMO-induced tightening-up of the rules of accessto medical care which islikely to be perceived
as asignificant deterioration in the expected services that had been contracted for by the purchase
of medical insurance. It isunlikely, however, to have outweighed the medical advances of recent
years. Few would trade today’ s restricted access to medical care, for amore free access to the
technologies of yesteryear, foregoing the improvements in bypass operations, ulcer treatments, or
cataract surgeries. 3. Thelargest effect may come from change in our physical, social, and
economic environment which impose on us higher expenditures necessary to keep up with our

previoudy achieved utility levels.



It is not clear, however, whether events such as a colder winter, the appearance of AIDS,
or arisein the crime rate should be included in the definition of a price index. A changein
expenditures due to an unanticipated change in weather should raise the price index only to the
extent that energy prices go up, not quantities consumed. The latter, if the event persists, will
ultimately affect the commodity weights in the index, but that is a different matter. Therisein
AIDS would drive up the price index of health, if we define it as the expenditure necessary to
achieve an equivaent base-period hedlth level. But while this component represents areal risein
the “cost-of-living,” it may not be an appropriate component in an indexing formula, since there
are no “gains’ among the young which could be called to “ compensate” the retirees for such price
increases.

The appearance of AIDS did raise the cost of living. Counting subsequent improvements
in its treatment as a positive quality change will be inappropriate, if the original deterioration in
the environment was not taken into account in the measurement framework in the first place.
Similarly, counting quality improvementsin locks and other security devices, may overestimate
the “gains’ from such defensive consumer investments.

Whileit isimpossible to provide afull and accurate accounting for such changes, it is
extremely unlikely that the rise of such “bads’ out-balances the “good” that is contained in the
developments alluded to above. In the mgjor areas of concern and poor measurement,
environment, health, and crime, there have been gainsin the first two and we have come close, in
recent years, to holding steady on the last one. Thus, while we do recommend extending

measurement efforts beyond the current concept of what constitutes the consumption *basket,”



we see no strong reason to temper our conclusions about the measurement issues in the areas we
did examine: the more traditional components of consumption as defined in the current content of
the CPI. The following presents some brief background for our view.

Theindustria revolution caused widespread air and water pollution, and thiswas indeed a
negative factor up until the 1950s and 1960s. However, since then a shift from coal to natural gas
as the dominant energy source for home heating, cleaner fuels and cars and environmental
regulation have caused a major decline in the presence of many types of contaminants in the air
and water. The shift in heating fuels also brought about a major increase in cleanliness and
convenience around the house, as the coal scuttle was replaced by the silent and automatic
transmission of natural gas. The CPI implicitly values the improvement in air quality made
possible by mandated anti-pollution devices in automobiles, since it treats the cost of mandated
anti-pollution devices as an improvement in quality rather than an increase in price. We have
recommended that the CPI treat changes in price due to additional anti-pollution devices as a
price rather than quality increase. But that concept, incorporated in our quality change bias
estimates in this report, leaves the improvement in air quality unmeasured. Thisis a source of
understatement in our fina estimate of CPI bias. Further, the CPl isinconsistent, since a portion
of the higher cost of electricity, steel, paper, and other productsis aso due to environmental
regulation, and the benefits of higher air and water quality made possible by regulation of

products other than automobiles is not taken into account.”

= Detailed case studies in Repetto et. al. (1996) demonstrate substantial
understatement of output and productivity growth, and hence an



Crime is another type of externality. The rate of crime victimization increased in the past,
e.g., from 0.096 incidents per capitain 1970 to 0.098 incidentsin 1981. Since then, however, the
victimization rate has fallen to 0.074 incidents in 1992 (the latest year available).” The share of
violent crimes increased from 0.025 in 1970 to 0.028 in 1981 and decreased slightly to 0.026 in
1992. Since 1992 there has been widespread attention to a sharp decline in homocide ratesin
many magor American cities.

Looking further for negative factors, perhaps the most important are such social issues as
divorce, illegitimacy, and the reduced role of the nuclear family. The divorce rate increased by 50
percent between 1970 and 1980 but since then has been stable.” The suicide rate was stable
between 1980 and 1992 but the age-adjusted death rate declined by 14 percent, while the infant
mortality rate fel by 58 percent between 1970 and 1992. Perhaps most importantly, life
expectancy at birth increased from 70.8 in 1970 to 75.5in 1993. The major negative has been

that births to unmarried women have increased, from 18.4 percent to 30.1 percent. There may be

overstatement of price growth, in the electricity, pul p-paper, and
agricultural industries.

= All datain the paragraph come from Statistical Abstract, 1995, Table
317.

= Data in this paragraph come from Statistical Abstract, 1995, Tables
114, 124, 136, and 141.



other intangible negatives, such as perceived increased job insecurity, possible increased
inequality, and the decreased job opportunities for workers with only a high school eduction.

On the positive side, there is no question that goods have improved in ways that our
discussion of quality change cannot fully incorporate. Gordon (1990, p. 38) notes a number of
dimensions of quality which his measures did not capture, some of which are the faster speed and
reduced vibration of jet planes, improved reliability of appliances and automobiles, improved
sound quality of audio equipment in homes and automobiles, improved safety devices on home
power tools and power lawn mowers, reduction in the noise, weight, and installation cost of room
air conditioners, and "immeasurably better picture quality of color TV sets.”

Many aspects of the change in the American standard of living from the rural horse-drawn
economy of 1870 to today's modern economy occurred many decades ago and are not current
sources of CPI bias. The elimination of animal waste was a major contribution of the motor car,
in addition to its speed and flexibility, but this achievement was largely accomplished before
World War 1I. The achievement of electrical appliances in reducing household drudgery was
largely accomplished by the 1960s. But some improvements have been continuous. There has
been a steady transition in the quality and variety of home entertainment options, from the player
piano, to the radio, to black-white and then color TV, to the VCR, and now cable TV, satellite
TV, and the World Wide Web and the other features available with personal computers. Further,
the rapid spread of central air conditioning has made possible a substantial movement of
households to the southern and southwestern states. Millions have chosen to take this option,

voting with their feet to enjoy milder winters with artificially cooled summers.



Overall, we find that the presumed negatives (pollution, crime, suicide, divorce), the
worsening of which may have increasingly detracted from the quality of life a one time, have
reached a plateau and in the case of pollution and crime seem actually to have reversed direction,
thus recently improving the quality of life. The remaining negatives are important but seem to us
to have been more than offset by increased quality and variety of goods, services, and choice of
outlets along dimensions that are partly but not entirely captured by our measures of bias, but
most importantly by the major increase in longevity which perhaps swamps everything else.

Accordingly, our estimate of the current biasin the CPI is, if anything, probably understated.



VIII. THE COMMISSION’S RECOMMENDATIONS

Introduction

Our recommendations are directed at three different audiences: 1. Our elected officials
(the President and the U.S. Congress), who are the providers of funds, the supervisors, and also
major consumers of the information contained in the CPI; 2. The BLS, which isthe producer of
the CPI; and 3. The community of professional economists and statisticians, who ultimately
provide both the manpower and the knowledge base required for a successful operation of this
major measurement and observational tool for our economy. Therole of the BLS in this can be
viewed as running one of our mgjor National (Economic) Observatories, producing both timely
information about the state of our economy and providing the inputs for advancing our
knowledge of and understanding about how it functions and the interrel ationships among its

various components.

Recommendations

1. The BLS should establish a cost of living index as its objective in measuring
consumer prices.

All of our specific recommendations are aimed toward this goal.
2. We recommend the development and publication of two indexes:
One which is published monthly on atimely basis and is designed to maintain the spirit of

the cost of living index yet accommodate the inconsistent timing schedules of the required



information; and a second index which is published and updated annually and revised historically
to introduce improvements arising from new information and new research results. The purpose
of having two indexes is to accommodate the complex issues that must be addressed and the time
delay in obtaining al of the necessary data.

The recommendations to the BLS are divided into three parts: 1. Short run: those we
think can be implemented immediately, with little additional resources or new data collection
initiatives. These center on changing the current CPI computation, primarily to make it more
current, and second, on computing an annually updated and subsequently revised COL index;

2. Intermediate run: Reforms that are feasible within the current state-of-the-arts, but would
require new data collection, reorganization of activities, and changes in the detail of the various
sub-indexes produced by the CPI; and 3. Longer-run recommendations, emphasizing topics and

areas that need additiona research and attention.
Short Run

3. The timely, monthly index should continue to be called the CPI and should move
toward a COLI concept by adopting a “superlative” index formula to account for
changing market baskets, abandoning the pretense of sustaining the Laspeyres
formula.

To accommodate the delay in obtaining information on quantities needed to combine the
price changes of items in the lowest groupings, BL S should move away from the assumption that
consumers do not respond at all to price changes in close substitutes. We thus recommend BLS

move to a“trailing Tornquist” Index (weighted geometric mean of price relatives), at the stratum

and ELI level, and also, concurrently, to geometric means of price relatives at the elementary



aggregation level. Both of these moves would alleviate the problem of the growing irrelevancy of

“baskets’ based on decade-old consumption patterns, reduce significantly the substitution and

formula bias, and facilitate the speedier introduction of new goods and services into the index.™

a

Because of the lag in collecting up-to-date information on consumer spending
patterns, the weights will have to be based on atrailing two- or three-year average of past
expenditures, e.g. 1993-4 weights for the 1996 price changes. They should be changed
every year.”” Thisimpliesthat

The BLS should organize itself for “permanent” rather than decada revisionsin the
CPI. Both the weights and the priced commodity and services assortment need more
frequent updating. Also,

Wherever possible, scanner data and other “outside” data should be used both to
reduce the cost of data collection and (primarily) to expand the assortment of goods and
services priced concurrently, to provide current item weights, and to introduce new items
as quickly as they enter the market. Whether thiswill result in a net reduction in the cost

of data collection is an open question.

A paralld trailing chained-link Laspeyres formula, with revisions producing a comparable Fisher Ideal Index with a
4-year lag might be useful aswell. Even so, we still recommend the move to geometric means at the elementary
aggregates level.

""What needs more rapid changing are the commodity strata weights and the assortment of items priced. City weights
could be held constant and changed much less frequently. Here decades would do. See Shapiro and Wilcox (1996a) for
additional discussion of the mechanics of such revisions.



d. As subsequent data become available, the weights are updated, and new goods are
introduced and their history extended backward, the information incorporated in the
published CPI should undergo retroactive revision, as far back as the new information
warrants, in the form of a new annual COL index, using a compatible “ superlative-index”
formula. This“revised” COL index would be published annually, with alag of ayear or
two, and would be subject to additional revisions after new information emerges and new
methodology isintroduced. The published versions of thisindex need never be “final”.

4. The BLS should move to geometric means at the elementary aggregates level.  We
believe it to be the closest approximation to a full implementation of the COLI concept, which
could be ultimately implemented aso at this level, as scanner data become available for most of
the currently sampled commodities. Changing to geometric means will not only solve the
“formulabias’ problem, much of which has been recently eliminated by a switch to “pre-
seasoning”, but will also aleviate the below-stratum-level substitution bias. It will not solve,
however, the “outlet bias’. To aid in updating the required weights, the BLS should be able to
acquire the detailed commodity-level shipments data currently collected by the Census but not
accessibleto the BLS.

Intermediate Run

5. The BLS should study the behavior of the individual components of the index to
ascertain which components provide most information on the future longer-term
movements in the index and which items have fluctuations which are largely
unrelated to the total and emphasize the former in its data collection activities.



This could result in the down-weighting or even elimination of data collection for certain
cities and arevision of the commodity structure of the index which would consider some goods as
having a national market, sampling a larger number of items but with less regard to geography,
focusing on geographical differences only for more “local” commodities, such as fuel costs, rent,
personal services, and fresh produce.

Currently, the BLS collects a large number of price quotes on bananas, because they are
inexpensive to collect and their prices are quite variable, even though these variations are not
related systematically to the underlying trend-movementsin the CPI. At the sametime, less
attention is paid to less variable but more likely to change (disappear or be redesigned) and harder
to measure commodities, such as surgical treatments, consumer electronics, and communication
services.

6. The BLS should change the CPI sampling procedures to de-emphasize geography,
starting first with sampling the universe of commodities to be priced and then
deciding, commodity by commodity, what is the most efficient way to collect a
representative sample of prices from which outlets, and only later turn to
geographically clustered samples for the economy of data collection.

The current city level price indexes are useless for geographical comparisons of levels and
mideading as measures of rates of change, since they are not based on any clearly defined levels.
To do an adequate job of describing the geography of price levels in the U.S. will require the
collection of prices for the same commodities and services in different cities. To study differential
changes in the price levels across cities, arising from different competitive and population trends,

it may prove adequate to sample the “national” commaodities in specific cities only once ayear or

SO, on arotating basis. More generally, one could design amodel consisting of an underlying



“national” trend level of the CPI, which would be the primary focus of monthly estimation, and

more slowly changing city differentials, which would be based on less frequently collected data.

Thiswould allow the CPI to concentrate resources on expanding the sample and analysis
in rapidly changing areas of the commodity and services spectrum, such as health services,
communication services, and food away from home, where quality change and commodity
turnover is endemic.

Moving to anotion of anew “basket” each year will allow for afaster introduction of new
items and new outlets. Moving to a national sample for most of such items would allow
expansion of the number of specific items (models, varieties, types) sampled within a particular
ELI and reduce thereby the number of forced substitutions. Also, thiswould allow for the use of
new sources of data, such as scanner data on prices, and industry-wide information on sales of
specific items (for more detailed weights), leading to a quicker identification of new goods and
thelr faster incorporation into theindex. Thisisaso the level at which more extensive quality
adjustments and “ comparable” substitutions could be made, recognizing the appearance of new
outlets and new versions of services which provide consumers, effectively, with cheaper sources
for the same or similar items consumed previoudly.

7. The BLS should investigate the impact of classification, that is item group
definition, on the price indexes, to improve the ability of the index to fully capture
item substitution.

In addition, a classification rule should be implemented for new products that groups them
within the same low-level group (stratum) as those for which consumers are most likely to

substitute for them. On-line news services which compete with newspapers, automobile



purchases with leases, and drugs with the surgical procedures they replace, are examples of

products for which direct comparisons are needed so that the full substitution effect can be

accounted for.

8. There are a number of additional conceptual issues that require attention. The price
of durables, such as cars, should be converted to a price of annual services, along the
same lines as the current treatment of the price of owner-occupied housing. Also,
the treatment of “insurance”, should move to an ex-ante consumer price measure

rather than the currently used ex-post insurance profits based measure.

9. The BLS needs a more permanent mechanism for bringing outside information,
expertise, and research results to it.

This commission did not have the resources or the time to investigate all the various
aspects of the CPI in adequate depth. Nor would a subsequent similar group if it were again
assembled ad hoc. A more permanent body should be created, at the request of the BLS,
organized by an independent public professional entity, such as the American Economic
Association, the NRC-NAS or NBER, with a significant resource commitment. Such a group
could pursue more fundamental research in cooperation with the BLS and provide a framework
for experimentation with various alternative data collection and estimation approaches. It would
also provide the BL S with a more permanent channel for accessto arange of professional and
business opinions on the statistical, economic and current market issues arising in the normal
process of data collection, on index number construction, and on the implementation of some of

the reforms suggested here.

Longer Run



10.  The BLS should develop a research program to look beyond its current “market
basket” framework for the CPI.

In the longer run, the big issues are new commodities and new services and the changing
economic, social, and environmental climate within which the consumer is operating. This
program should explore measuring the value of time saved by new medical procedures and
communication devices, the value of life extended and its associated quality, the losses
experienced, in terms of longer distances to new shopping centers by the closing of some
neighborhood stores, and the *“ consumption” increases forced on consumers, by rising crime, new
diseases, or changes in taxation.

11. BLS should investigate the ramifications of the embedded assumption of price
equilibrium.

This assumption, which means that prices or quantities adjust immediately to quality
changes or the introduction of substitutes is fundamental to many elements of the methodology
and itsfailure to hold sometimes is at the heart of many of the issues discussed in this report. We
recommend that BL S identify the methodological changes required to relax this major assumption
as research warrants.

12.  The BLS should develop a number of new data collection initiatives to make some
progress along these lines.

First and foremost, BLS or a companion agency will need to collect data on detailed time
use from alarge sample of consumers. We would also need to extend the current health status
survey to include more information on various “quality of life” issues. Progress should also be

made (perhaps jointly with the BEA, which is aready doing work in this area such as



environmental satellite accounts) on incorporating data from victimization surveys and from
various measures of the status of our physical environment into an experimental set of national
satellite social-economics accounts, accounts that value not only the market consumption basket,
but aso the resulting leisure and quality of life experienced by the average individual. Such
accounts could also provide information on the distribution of these measures across different
age and socia groups. It will be difficult to integrate these into the main cost of living framework,
but over time, progress on these fronts should provide useful supplemenatary information to

policy makers and the public.

Suggestions for Congress

13.  Congress should enact the legislation necessary for the Departments of Commerce
and Labor to share information in the interest of improving accuracy and timeliness
of economic statistics and to reduce the resources consumed in their development
and production.

14.  Congress should provide the additional resources necessary to expand the CES
sample and the detail collected, to make the POPS survey more frequent, and to
acquire additional commodity detail from alternative national sources, such as
industry surveys and scanner data.

While the Commission has identified some potential areas of cost savings, and it
sympathizes with the recent trend to use private business sector methods to make the federal
government more efficient, it notes the overwhelming trend for private businesses to be investing

heavily on information technology, from tangible capital such as hardware to intangibles such as

increasingly important software, to human capital.



15. Congress should establish a permanent (rotating) independent committee or
commission of experts to review progress in this area every three years or so and
advise it on the appropriate interpretation of the then current statistics.

This would be useful in its own right, but especialy so to smooth the transition to a new
index.

16.  Congress and the President must decide whether they wish to continue the
widespread overindexing of various federal spending programs and features of the
tax code. If the purpose of indexing is fully and accurately to insulate the groups
receiving transfer payments and paying taxes, no more and no less, they should pass
legislation adjusting indexing provisions accordingly.

This could be done in the context of subtracting an amount partly or wholly reflecting the
overindexing from the current CPI-based indexing. Alternatively, a smaller amount could be
subtracted from the new revised annual index if and when it is developed and published regularly,
to more closely approximate a true cost-of-living index.

We hasten to add that the indexed programs have many other features and raise many
other issues beyond the narrow scope of a more accurate cost of living index. We also wish to

express our view that these findings and their implications need to be digested and understood by

the BLS, the Congress, the Executive Branch and the public.

To the Economists and Statisticians
These professions should treat training in data collection, data analysis, and interpretation
more serioudly and give it more space and attention in the standard curriculum. There should be

more emphasis on measurement and sampling issues in the training of economists and statisticians.



Effort should aso be put into improving the ties between professionals in government and their
academic and business colleagues. The academic world needs to be cognizant of the important
work done by its colleagues in government who provide them with much of the “raw material” for
their subsequent analyses and show more appreciation of their efforts and understanding of the

constraints under which they are laboring.

1 X. CONCLUSION

While the CPI is the best measure currently available, it is not atrue cost of living index. It
suffers from avariety of conceptua and practical problems as the vehicle for measuring changes
in the cost of living. Despite important BL S updates and improvements in the Consumer Price
Index, it islikely that changesin the CPI have substantially overstated the actual rate of price
inflation. Moreover, revisions have not been carried out in away that can provide an internally
consistent series on the cost of living over an extended span of time. More importantly, changes
in the Consumer Price Index are likely to continue to overstate the change in the true cost
of living for the foreseeable future. This overstatement will have important unintended
conseguences, including overindexing government outlays and tax brackets and increasing the
federal deficit and debt. If the intent of such indexing is to insulate recipients and taxpayers from
changesin the cost of living, use of the Consumer Price Index hasin the past, and will in the

future, substantially overcompensate (on average) for changes in the true cost of living.



Thisreport has laid out a variety of issues to be addressed in devel oping a more accurate
measure of the cost of living. It has also presented a series of recommendations to the agency
responsible for the nation’s price statistics and to the elected officials who are funders,
supervisors, and consumers of those statistics. We have no doubt that implementation of our
recommendations would greatly improve the accuracy of the nation’s price statistics. Thisin turn
would lead to more accurate measurement of everything from cost-of-living adjustments in
private contracts and public programs to information for the Federal Reserve to improved inputs
to the nation’ s national income and product accounts. These improvements in turn would better
enable citizens and policy makers alike to measure economic progress over time, among groups,
and across countries.

While the commission’s best estimate of the overstatement of changes in the cost of living
based on changes in the consumer price index is alittle over one percent, our broader point is that
even small differences compound over time and matter alot. Thiswas evidenced in Section 11
when the improvement in the treatment of owner-occupied housing was introduced early in the
1980's. Thesameistrueof the recently corrected formula bias issues which added an additional
bias of about 0.24 percent per year for 1979-95. The cumulative ramifications are substantial.

While subsequent analysis, research, and economic events may result in adight change in
these estimates -- at least as likely to be up as down in our opinion -- some care in their useis
warranted. While the analysisin this report represents our best judgment, this Commission did
not have the substantial resources that the previous maor effort to examine the nation’s price

statistics, the so-called Stigler Commission, had in 1961. The Stigler Commission was able to



commission and produce substantia original research, while this Commission did not have the
time or resourcesto do so. Nevertheless, this report incorporates new information from awide
variety of sources, both within the government and from outside the government. We are
gratified by the tremendous outpouring of suggestions, advice, and assessment of individual issues
that have arisen in the course of the committee’' s investigation.

The readers of this report need some time to digest and understand the results, analysis, and
recommendations. Thisincludes the BLS, the Congress, the Executive Branch, the private sector,
and academe. We very much hope that careful and thoughtful consideration will be given to the
findings presented in this report in the spirit in which they are offered: an attempt to provide
some guidelines on how to improve the production and use of the nation’s price statistics and the

continuous process of improving them in a complex, dynamic economy.
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